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SAMMENDRAG 
Introduksjon: Forbindelsen mellom fysisk aktivitet og forebygging av sykdom, 
opprettholdelse av uavhengighet, og økt livskvalitet hos eldre er godt dokumentert. 
Det er imidlertid mangel på populasjonsbaserte data hvor fysisk aktivitetsnivå er 
registrert med objektive målemetoder i assosiasjon med selv-rapportert helse, 
muskelskjelett form og balanse hos eldre menn og kvinner. I tillegg er det 
begrenset kunnskap knyttet til effekt av power trening tilrettelagt for eldre i 
forhold til funksjonell adaptiv treningsrespons. Det er derfor behov for å utvikle 
adekvate målemetoder og verktøy, samt undersøke ulike treningsregimer rettet 
mot muskelstyrke, muskelpower, og funksjon hos eldre individer. 
 
Formål: Formålene med denne avhandlingen var derfor: 1) å beskrive 
akselerometer-bestemt fysisk aktivitetsnivå, samt å undersøke assosiasjonen til 
selv-rapportert helse i en populasjon av norske eldre individer (65-85 år) (Artikkel 
I), 2) å beskrive muskelskjelett form og balanseevne hos norske eldre menn og 
kvinner, samt undersøke assosiasjonen med objektivt-målt fysisk aktivitets nivå, 
uttrykt som en økning på 1.000 skritt per dag (Artikkel II), 3) å undersøke om den 
felt-baserte «30-s chair stand test» og den modifiserte felt-baserte versjonen av 
«progressive isoinertial lifting evaluation (PILE) test» var valide tester for å kunne 
anslå sammenhengen mellom underekstremitetsstyrke og power og total løftestyrke 
og power hos eldre individer, og i tillegg undersøke reliabilitet på tvers av 
testforsøk for de laboratorie-baserte testene («chair-stand» og «box-lift» testene) 
og reliabilitet på tvers av testdager for de felt- og laboratorie-baserte testene 
(Artikkel III), 4), å undersøke effekten av tradisjonell versus funksjonell 
styrketrening, på muskelstyrke og muskelpower målt både funksjonelt og 
tradisjonelt hos eldre individer sammenlignet med kontroller (Artikkel IV). 
 
Deltakere og metoder: Avhandlingen er basert på tre separate studier. Artikkel I 
og Artikkel II er basert på en nasjonal tverrsnitts-multisenterstudie av norske eldre 
individer (65-85 år), hvor man undersøkte objektivt målt fysisk aktivitetsnivå ved 
hjelp av ActiGraph GT1M akselerometer og selv-rapportert helse ved bruk av 
spørreskjema (testfase I: 282 kvinner i alderen 71.8 (SD: 5.6) år og 278 menn i 
alderen 71.7 (5.2) år). I tillegg ble også objektivt målt muskelskjelett form og 
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balanse målt ved hjelp av følgende tester: «handgrip strength test», «static back 
extension test», «sit and reach test», «back scratch test», og «one leg standig test» 
(testfase II: 85 kvinner i alderen 73.2 (5.4) år og 76 menn i alderen 72.3 (4.8) år). 
Artikkel III er basert på en reliabilitets- og valideringsstudie av felt- og 
laboratoriebaserte funksjonelle styrketester, hvor 19 eldre individer i alderen 72.4 
(5.0) år ble inkludert. Artikkel IV er basert på en intervensjonsstudie, som 
undersøkte effekten av styrketrening i maskiner versus funksjonell styrketrening 
hvor «force platform» og «linear encoder» ble brukt til å registrere muskelstyrke og 
muskelpower. Seksitre deltakere (69.9 (4.1) år) ble randomisert til en tradisjonell 
styrkegruppe (trening i maskiner) (n=23) og en funksjonell styrkegruppe (n=30), 
eller til en ikke-randomisert kontrollgruppe (n=10). Treningsperioden varte i 11 
uker med en treningsdose tilsvarende 2 ganger/uke, og med 3 serier x 8 
repetisjoner. 
 
Hoved resultat: Hoved resultatet fra Artikkel I viste at totalt fysisk aktivitets nivå 
(tellinger per minutt) var forskjellig mellom aldersgruppene, hvor de eldste (80-85 
år) hadde et 50% lavere aktivitets nivå sammenlignet med de yngste (65-69 år). 
Ingen kjønnsforskjeller ble observert i totalt fysisk aktivitetsnivå innenfor hver 
aldersgruppe (65-69, 70-74, 75-79, og 80-85 år). Fysisk aktivitet var forskjellig på 
tvers av de ulike nivåer av selv-rapportert helse. 51% høyere totalt fysisk 
aktivitetsnivå ble registrert hos eldre som rapporterte «veldig god helse» 
sammenlignet med dem som rapporterte «dårlig/veldig dårlig helse». Artikkel II 
viste at de yngste individer (65-69 år) hadde bedre statisk balanse og utholdende 
muskelstyrke i kroppsstammens ekstensorer sammenlignet med eldre individer. 
Eldre kvinner (65-85 år) hadde bedre leddbevegelighet i over- og under ekstremitet 
og bedre utholdende muskelstyrke i kroppsstammens ekstensorer sammenlignet 
med eldre menn (65-85 år), hvorpå eldre menn (65-85 år) hadde bedre gripestyrke 
sammenlignet med eldre kvinner (65-85 år). Ingen kjønnsforskjeller ble observert i 
statisk balanse. Et høyere fysisk aktivitetsnivå, var assosiert med bedre statisk 
balanse og utholdende muskelstyrke i kroppsstammens ekstensorer hos eldre 
individer (65-85 år). Artikkel III viste at intradag reliabilitet av de laboratorie-
baserte testene «chair-stand» og «box-lift» testene var høy, og interdag reliabilitet 
av både de felt- og laboratorie-baserte versjoner av disse testene var akseptable. 
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Intra-klasse korrelasjon mellom prestasjonene i de felt- og laboratorie-baserte 
versjonene av «chair-stand» og «box-lift» testene var lav. Artikkel IV viste at ingen 
forskjell i effekt ble registrert mellom tradisjonell styrketrening i maskiner og 
funksjonell styrketrening på funksjonell power («chair-stand-« og «box-lift power») 
og tradisjonell maksimal styrke («leg-press-« og «bench-press maximal strength») 
hos eldre individer. Gruppen som trente tradisjonell styrketrening økte tradisjonell 
overkroppspower («bench-press power») sammenlignet med både gruppen som 
trente funksjonelt og kontroller. 
 
Konklusjon: I et nasjonalt utvalg av eldre individer hvor objektive målinger av 
fysisk aktivitetsnivå, muskelskjelett form og balanse ble brukt, viste at fysisk 
aktivitetsnivå, statisk balanse og utholdende muskelstyrke (kroppsstammens 
ekstensorer) var forskjellig mellom ulike aldersgrupper. Totalt fysisk aktivitetsnivå 
var assosiert med selv-rapportert helse, og høyere fysisk aktivitetsnivå var assosiert 
med bedre statisk balanse og utholdende muskelstyrke (kroppsstammens 
ekstensorer) hos norske eldre individer. Våre funn indikerer en relativ høy intra- og 
interdag reliabilitet av de feltbaserte «chair-stand» og «box-lift» testene, men de 
er trolig ikke valide til å kunne vurdere forholdet mellom muskelstyrke- og power 
hos eldre individer. Med unntak av «bench-press power», ble ingen forskjeller i 
effekt av treningsintervensjonene (tradisjonell- versus funksjonell styrketrening) 
funnet på funksjonell power og maksimal kroppsstyrke hos eldre individer. 
 
Nøkkel ord: Fysisk aktivitetsnivå, akselerometer, selv-rapportert helse, form score, 
funksjonelle styrketester, muskelpower, vekttrening, høy hastighet, kraft, eldre. 
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SUMMARY 
Introduction: The link between physical activity and prevention of disease, 
maintenance of independence, and improved quality of life in older adults is 
supported by strong evidence. However, there is a lack of data on population levels 
where physical activity level has been measured objectively in association with 
self-reported health, musculoskeletal fitness and balance variables in older men 
and women. Also, little is known about the functional adaptive responses of older 
adults to power training. Therefore, there is a need of developing adequate 
assessment tools/tests and investigating different training regimes aiming at 
muscle strength, power, and function in older age groups. 
 
Aims: The aims of the thesis were therefore: 1) to describe the level of 
accelerometer-determined physical activity and to investigate its association to 
self-reported health in a population of Norwegian older adults (65-85 years) (Paper 
I), 2) to describe musculoskeletal fitness and balance in Norwegian older men and 
women and to investigate its association with objectively-assessed physical activity 
levels, expressed as a daily increments of 1,000 steps (Paper II), 3) to test if the 
field-based 30-s chair-stand test and a modified field-based version of the 
progressive isoinertial lifting evaluation (PILE) test were valid tests for assessing 
relationships between lower extremity strength and power and total lifting 
strength and power in older adults, and also to investigate the reliability across 
trials for the laboratory-based tests («chair-stand» and «box-lift» tests) and the 
reliability across days for the field- and laboratory-based tests (Paper III), and 4) to 
test the effect of traditional versus functional strength training, both performed at 
80% of 1RM at a maximal intended concentric velocity, on muscle strength and 
power measured functionally and traditionally in older adults compared to non-
training controls (Paper IV). 
 
Participants and methods: The thesis is based on three separate studies. Paper I 
and Paper II are based on a national cross-sectional multicenter study including 
Norwegian older adults (65-85 years) investigating objectively measured physical 
activity level using the ActiGraph GT1M accelerometer and self-reported health 
using a questionnaire (test phase I: 282 women, aged 71.8 (SD: 5.6) years and 278 
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men aged 71.7 (5.2) years), in addition to objectively measured musculoskeletal 
fitness and balance using handgrip strength-, static back extension-, sit and reach-, 
back scratch-, and one leg standing tests (test phase II: 85 women aged 73.2 (5.4) 
years and 76 men aged 72.3 (4.8) years). Paper III is based on a reliability- and 
validity study of field- and laboratory based functional strength tests including 19 
older adults aged 72.4 (5.0) years, while Paper IV is based on an intervention study 
investigating strength training in machines versus functional strength training using 
a force platform and linear encoder to measure muscle strength- and power. Sixty-
three participants (69.9 (4.1) years) were randomized to a traditional strength 
group (training with machines) (n=23) and a functional strength group (n=30), or to 
a non-randomized control group (n=10). The training dose was 2 times/week, 3 sets 
x 8 repetitions, for 11 weeks. 
 
Main results: The main results from Paper I showed that overall physical activity 
level (counts per minute) differed between the age groups where the oldest (80-85 
years) displayed a 50% lower activity level compared with the youngest (65-69 
years). No sex differences were observed in overall physical activity within each 
age group (65-69, 70-74, 75-79, and 80-85 years). Physical activity differed across 
levels of self-reported health, and a 51%higher overall physical activity level was 
registered in those with “very good health” compared to those with “poor/very 
poor health”. Paper II showed that the youngest (65-69 years) had better static 
balance and muscular endurance in trunk extensors, compared with the older ones. 
Older women (65-85 years) had better upper and lower body joint flexibility and 
muscular endurance in trunk extensors than older men (65-85 years), whereas older 
men (65-85 years) had better handgrip strength than older women (65-85 years). 
No sex differences in static balance were observed. A higher physical activity level 
was associated with better static balance and muscular endurance in trunk 
extensors in older adults (65-85 years). Paper III showed that the intraday 
reliability of the laboratory-based chair-stand and box-lift tests was high, and the 
interday reliability of both field- and laboratory-based versions of these tests was 
acceptable. Intra-class correlations between performances in the field- and 
laboratory versions of chair-stand- and box-lift tests were low. Paper IV showed 
that no difference in the effects were revealed between traditional strength 
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training with machines and functional strength training on functional power (chair-
stand- and box-lift power) and traditional maximal strength (leg-press- and bench-
press maximal strength) in older adults. The traditional strength training group 
improved traditional upper body power (bench-press power) compared with both 
functional strength training group and nontraining-controls. 
 
Conclusions: In a national sample of older adults using objective assessments of 
physical activity level and musculoskeletal fitness- and balance capacity revealed 
that physical activity level, static balance and muscular endurance (trunk 
extensors) differed by age. Overall physical activity levels were associated with 
self-reported health, and a higher physical activity level was associated with better 
static balance and muscular endurance in trunk extensors in the Norwegian older 
adults. Our findings indicate a relatively high intra- and interday reliability of the 
field-based chair-stand and box-lift tests, but they may not be valid for assessing 
relationships between muscle strength and power in older adults. Except for bench-
press power there were no differences in the effect of the training interventions 
(traditional versus functional strength training) on functional power and maximal 
body strength in older adults. 
 
Key words: Physical activity level, accelerometers, self-reported health, fitness 
score, functional strength tests, muscular power, weight training, high velocity, 
force, elderly. 
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DEFINITIONS AND BASIC PRINCIPLES 
Physical activity is a complex human behavior that includes all bodily movements, 
and is defined as any bodily movement produced by skeletal muscles that result in 
energy expenditure [1]. The Metabolic Equivalents of Task (METs) is a physiological 
measure expressing the energy cost of physical activities and is calculated as the 
ratio of the metabolic rate for an activity divided by the resting metabolic rate. 
One MET is defined as 1 kcal/kg/hour, equivalent to 3.5 ml/kg/min and is roughly 
equivalent to the energy cost of sitting quietly [2]. General physical activities are 
defined by level of intensity, whereas light-intensity activities are defined as 1.1 to 
2.9 METs, moderate-intensity activities as 3.0 to 5.9 METs (equivalent to 3.5 – 7 
kcal/minute), and vigorous-intensity activities are defined as 6.0 METs or more 
(equivalent to more than 7 kcal/minute) [3]. In addition to intensity, physical 
activity also varies along four other dimensions: duration, frequency, modes which 
is the type of activity carried out (e.g. walking, running, carrying loads, or 
bicycling) and the context or reason for physical activity (e.g. transportation, 
household, or exercise) [4]. 
 
Physical training, also referred to as exercise, is physical activity that is planned, 
structured, and repetitive done to improve or maintain one or more components of 
physical fitness [1]. 
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Physical fitness is a set of attributes that people have or achieve that relates to 
the ability to perform physical activity where the individual effort is crucial for the 
outcome [1]. These attributes are categorized into; 1) health-related fitness (e.g. 
cardiorespiratory endurance, muscular endurance, muscular strength, and 
flexibility) and 2) skill-related fitness (e.g. agility, balance, coordination, speed, 
power, and reaction time) [1]. 
 
Physical function is defined as the ability to carry out various activities that require 
physical capability, ranging from self-care activities (basic activities of daily living 
(ADL)) to more vigorous activities that require increasing degrees of mobility, 
strength, or endurance [5]. Functional status is the degree to which physical 
conditions (i.e. the number of health problems experienced by an individual) 
prevent persons from being able to execute ADLs, instrumental activities of daily 
living (IADLs, i.e. preparing meals, doing household, and having the mobility to go 
outside the house), and discretionary activities (e.g. hobbies, recreation, and 
social contacts) [6].  
 
Older adults (also referred to as elderly) are defined as individuals in the following 
age groups: the “young-old” (65-74 years of age) and the “old” (75-85 years of age) 
[6].  
 
Musculoskeletal fitness consists of three components; muscular endurance, 
muscular strength and joint flexibility [7]. Muscular strength (dynamic) is defined 
as the maximum force a muscle or muscle group can generate at a specific 
velocity. Muscular endurance is the ability of a muscle or muscle group to perform 
repeated contractions against a load for an extended period of time. Flexibility 
(static) is the range of motion of the joint [7]. 
 
Balance is defined as the ability to maintain the equilibrium while stationary or 
moving [8]. 
 
XV 
 
Strength performance is defined as the accomplishment of a given task measured 
as the ability to produce maximum force [7]. The unit of measurement is newton.  
 
Power performance is defined as the accomplishment of a given task measured as 
the ability to produce force rapidly (equivalent to the product of the force 
developed and speed of the contraction) [9]. The unit of measurement is watt. 
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1. INTRODUCTION
This introduction provides a short overview of physical activity level, self-reported 
health, musculoskeletal fitness and balance in older adults, with assessments and 
status integrated. Finally, muscle strength and power in older adults are outlined 
with a special focus on age-related changes and function, assessments and the 
effects of different strength-training regimes. 
1.1 Physical activity in older adults 
In Europe, there is a growing population of older adults, and it is predicted that the 
current 15% of the total population aged 65 years and older will increase to more 
than 25% by 2050 [10]. A similar trend is also predicted in America [11] and 
Australia [12]. As this is the fastest-growing age group of the population, it 
becomes increasingly apparent that investments in older adults and their health 
are essential. Regular physical activity in older adults is critically important for 
healthy aging [13]. The link between regular physical activity and disease 
prevention, maintenance of independence and improved health and quality of life 
is supported by strong evidence [14–16], and it is therefore of great importance to 
maintain regular physical activity levels as long as possible. 
1.1.1 Assessment of physical activity 
Methods of assessing physical activity can be categorized into 1) self-reporting 
(e.g., questionnaires, diaries and logs) and 2) objective measures (motion sensors 
such as accelerometers and pedometers, heart rate monitoring, direct observation 
and doubly labeled water) [17]. National surveillance systems to monitor physical 
activity have historically included subjective assessment tools such as self-reported 
questionnaires because of their low cost, which makes them appropriate for large 
population studies. In addition, subjective measures often provide detailed 
information regarding the specific type of activity [18]. However, subjective 
methods have a limited ability to accurately record activities, especially those that 
are unstructured and of light to moderate intensity [19]. Because of the limitations 
of self-reporting methods, interest in objective measurements of physical activity 
has increased in recent decades [20; 21]. Objective measurements are able to 
2 
 
record physical activity across all intensities and are not subject to the bias of self-
reporting. In older adults, total physical activity levels seem to have a greater 
influence on health outcomes compared with moderate-to-vigorous physical 
activity (MVPA, with moderate activity defined as 3.0–5.9 metabolic equivalents 
(METs) and vigorous activity as 6.0 METs) alone [22; 23]. Based on this 
perspective, it is important to be able to measure total physical activity level, 
including unstructured and light activities, in the older population. 
 
Accelerometers are currently viewed as the minimum standard for physical activity 
assessment in epidemiological research [24] and can be used to estimate the time 
spent in light-, moderate- and high-intensity physical activity [25]. As part of public 
health promotion, the goal is to increase physical activity levels among older 
adults. According to both global [26] and national [27] strategy plans on physical 
activity, there is a need to monitor physical activity on a nationwide level using 
consistent, reliable and valid measurement tools. Furthermore, this screening 
could prove helpful for obtaining a better understanding of the elderly’s 
participation in physical activity, thereby helping to guide the development of the 
necessary physical activity interventions targeting older adults. 
 
1.1.2 Physical activity recommendations 
In 1995, the physical activity recommendations for health were published by the 
American College of Sports Medicine (ACSM) and the Centers for Disease Control 
and Prevention. It was established that all adults should exercise for 30 minutes on 
at least five, but preferably all, days of the week at a moderate-intensity level, 
being defined as any activity with an energy cost of 3–6 METs [28]. 
 
In 1998, the ACSM’s Position Stand “Exercise and Physical Activity for Older Adults” 
was presented, emphasizing that participation in regular physical activity (both 
endurance and strength training) leads to a number of favorable responses that 
contribute to healthy aging [29]. Endurance training can maintain and improve 
various aspects of cardiovascular function, enhance submaximal performance, 
reduce risk factors associated with disease states (e.g., heart disease, diabetes), 
improve health status and contribute to an increase in life expectancy [30]. 
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Strength training in combination with balance training can help offset the age-
related loss in muscle mass and strength, improve bone health and postural sway, 
thereby reducing the risks of osteoporosis and falling, and can increase flexibility 
and range of motion [30]. 
 
In 2004, the Nordic physical activity recommendations were presented by the 
Nordic Council on Nutrition and Physical Activity and stated as follows. 
“For all inactive adults and older adults, daily physical activity of moderate 
and/or vigorous intensity corresponding to an energy expenditure of about 
150 kcal yields substantial health benefits. This energy expenditure is 
equivalent to brisk walking for about 30 minutes, and the activity can 
probably be divided into shorter intervals of physical activity during the 
course of the day, for instance intervals lasting 10 minutes” [31]. 
 
In 2014, the recommendations were again updated as follows. 
“1) The elderly should engage in at least 150 minutes of moderate-intensity 
physical activity throughout the week or at least 75 minutes of vigorous-
intensity physical activity throughout the week, or engage in an equivalent 
combination of moderate- and vigorous-intensity activity preferably spread 
out over most days during the week. 2) Physical activity should be 
performed in bouts of at least 10 minutes. 3) For additional health benefits, 
the elderly should increase their moderate-intensity physical activity to 300 
minutes per week or engage in 150 minutes of vigorous-intensity physical 
activity per week, or engage in an equivalent combination of moderate- and 
vigorous-intensity activity. 4) Adults of this age group with poor mobility 
should perform balance exercises to enhance balance and prevent falls, on 3 
or more days per week. 5) Muscle-strengthening activities should be 
performed involving major muscle groups on 2 or more days per week. 6) 
Sedentary behavior should be reduced” [32]. 
 
Regular physical activity in the elderly is associated with improved strength and 
functional ability [33], is inversely related to mortality [34] and has been found to 
be strongly associated with maintaining mobility [35]. Balance and muscle-
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strengthening activities appear to influence risk factors for falls by increasing 
muscle strength (lower limb) and balance ability [36; 37], which is of great 
importance in maintaining the independence of older adults in daily life for longer 
[36]. Furthermore, a relationship between sedentary behavior and obesity has been 
demonstrated [38; 39], as well as a dose-response relationship between TV viewing 
and cardiovascular mortality and total mortality [40]. The importance of 
performing regular physical activity incorporating balance and muscle-
strengthening activities in addition to reducing the amount of time spent sitting 
(i.e., sedentary behavior) have therefore been emphasized in the 2014 
recommendations for older adults. However, there is a lack of information related 
to these data on a population-based level. 
 
1.1.3 Status of accelerometer-determined physical activity 
There are only a limited number of population-based studies where physical 
activity levels have been measured objectively in older adults. Most of these 
studies were carried out in the United States of America (USA) [18; 21; 41], Canada 
[42] and the United Kingdom (UK) [43; 44], and relatively few studies have been 
undertaken in Northern European countries [45–47] (Table 1). Accelerometer-
determined physical activity levels differ significantly between different age 
groups, with the oldest age group having substantially lower mean physical activity 
levels (measured in counts per minute (cpm)) than the youngest age group [18; 21; 
41; 43–46]. These studies have also shown a significantly higher mean physical 
activity level (based on cpm) among older men compared with older women [18; 
41–45]. A study conducted in Iceland [45] found that older adults spent a large 
proportion of their day being sedentary (75%), defined as 0–99 cpm, followed by 
low light-intensity physical activity (21%), defined as 100–759 cpm. These findings 
are comparable with those reported among older adults in the UK [43] and Canada 
[42]. 
 
When looking at sex- and age-related differences in intensity-specific categories, 
older men in the UK performed significantly more minutes of MVPA (defined as 
1,952 cpm) per day than women (23.1 versus 13.8 min) [43]. Older women in 
Iceland spent more time in low light-intensity physical activity but less time in 
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sedentary physical activity and MVPA compared with older men [45]. Furthermore, 
older adults in the UK had a steep decline in the proportion of active time spent in 
MVPA with increasing age [43]. Similar patterns were also observed among older 
adults in the USA [41] and among Canadians aged 20–79 years [42], where MVPA 
decreased with increasing age. Furthermore, when looking at sex- and age-related 
differences regarding steps per day, Davis et al. [43] found that younger 
participants (70–75 years) averaged significantly more steps per day (5,661) than 
participants aged over 80 years (3,410). Harries et al. [44] also showed that step 
count declined steadily with age among older adults, and men achieved 754 more 
steps per day than did women. Table 1 provides an overview of studies reporting 
accelerometer-determined physical activity levels in older men and women. 
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1.1.4 Self-reported health 
The World Health Organization recommends that in addition to national 
surveillance systems monitoring physical activity, information on how individuals 
perceive their own health should be collected in population-based studies, 
including those that assess older adults. Furthermore, international research 
designed to compare health across countries should also be prioritized to provide 
new insights [48]. Self-reported health status is assessed by answering a single 
question about the perception of an individual’s own health, with response 
categories ranging from “very good” to “very poor” [49]. It is considered a sensitive 
measure of overall health in older adults, influenced by physical function, the 
presence of disease, the existence of disabilities, functional limitations and by the 
rate of aging [50]. It is viewed as a holistic measurement of health, reflecting both 
physical and mental health, as well as well-being [49]. However, few studies [44] 
have examined physical activity levels measured objectively in the elderly in 
combination with simple measures of health [51]. 
 
1.2 Musculoskeletal fitness and balance in older adults 
An individual’s ability to perform physical activity relates to a set of attributes, 
which includes muscular strength, muscular endurance, joint flexibility and balance 
[52]. Increasing age leads to a progressive loss of all of these physical 
characteristics [53–55]. Age-related musculoskeletal fitness (a compound picture of 
upper- and lower-body muscular strength, and upper- and lower-body joint 
flexibility) and balance loss might be explained by hormonal, metabolic, nutritional 
and immunological changes [54; 56], qualitative changes in the connective tissue 
[57; 58], qualitative and quantitative changes in the muscular system [54; 59–61] 
and degenerative processes in the central and peripheral nervous system [62]. 
 
Furthermore, the loss of musculoskeletal fitness and balance in combination with 
decreased physical activity levels is strongly predictive of falls [63], disability [64], 
hospitalization [65], reduced quality of life [66] and increased mortality [53; 67] in 
older individuals. The incidence of falls increases with age, equivalent to a 35–40% 
increase in falls in people over 60 years of age compared with people less than 60 
years of age [68; 69]. Muscle weakness, impaired gait and diminished balance are 
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the most significant risk factors for falling [68; 69]. The management of daily life 
activities is based on an individual’s balance capability, meaning the ability to 
maintain the body’s position over its base of support, whether this base is 
stationary or moving [69]. Static balance is the ability to control postural sway 
during standing/stable conditions [6] and might therefore be an important 
component for predicting [160] and preventing falls and independent living, and 
through this, successful aging [69]. 
 
There is strong evidence showing that enhancement of physical activity results in 
improved fitness, increased functional ability and health-related quality of life in 
older adults [70]. An adequate musculoskeletal fitness level and balance ability are 
therefore critical for older adults’ ability to perform basic functional tasks, such as 
lifting and moving objects or rising from a chair and walking, which is in turn of 
great importance to performing activities of daily living (ADLs) and maintaining 
functional independence [14; 71]. Despite this knowledge, few published studies 
have focused on a set of measurements to obtain a more comprehensive picture of 
musculoskeletal fitness and balance for older adults within activity levels of given 
populations [72; 73]. In addition, neither of the two studies cited recorded static 
balance as part of the overall fitness evaluation in older people. In addition, 
musculoskeletal fitness level and balance ability and their association with 
objectively assessed physical activity levels have rarely been investigated in older 
adults [74; 75]. Objective information on physical activity levels, sedentary 
behavior and musculoskeletal fitness and balance ability has the potential to 
increase our understanding of older people’s physical activity and fitness status, 
thereby helping to guide the development of the necessary physical activity 
interventions targeted at older adults. 
 
1.2.1 Assessments of musculoskeletal fitness and balance 
There is limited musculoskeletal fitness and balance data for older men and women 
within population activity levels where standardized-assessment methods have 
been used [76–78]. Current knowledge is primarily based on studies that have 
measured handgrip strength [79–82] or balance [83; 84] separately. Few published 
studies, as underlined above (see 1.2), have focused on an overall fitness 
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evaluation (i.e., a more comprehensive picture of musculoskeletal fitness and 
balance) among older adults [72; 73]. 
 
1.2.2 Status of musculoskeletal fitness and balance 
Based on studies conducted in the USA [76], Spain [72], Portugal [73; 85] and Iran 
[86], older women appeared to have significantly better joint flexibility compared 
with older men. Flexibility in the lower back and hamstring musculature, assessed 
using a chair sit-and-reach test, was reported to be –1.8 cm and 3.3 cm for 
American men and women (aged 60–94 years, n = 7,183), respectively [76], and 
among Spanish elderly (60–99 years, n = 6,449) the results were –2.9 cm and 1.4 cm 
for men and women, respectively [72]. Shoulder joint and arch flexibility, 
evaluated using the back-scratch test, was reported to be –18 cm and –11 cm for 
older Spanish men and women, respectively [72]. Table 2 provides an overview of 
cross-sectional studies of joint flexibility in older men and women. 
 
Studies conducted in Canada [79], Brazil [80; 81], Australia [82] and Spain [72] 
showed significantly better handgrip strength in older men compared with older 
women, all assessed using dynamometers (Table 2). Older men and women (70 
years of age) in Australia had a handgrip strength equivalent to 33 kg and 20 kg 
(right hand), respectively [82], while for the older (70 years of age) men and 
women in Brazil, the results were 31.8 kg and 17.2 kg (right hand), respectively 
[81]. 
 
Significantly better static balance, assessed using one-leg standing time (shoes on 
and eyes open), was observed among older (60–80 years) Iranian men (3.8 s) than 
Iranian women (1.2 s) [86]. American women aged 60–86 years scored 20.4 s on a 
similar test [83] (Table 2). 
 
The main findings in these studies [72; 73], which focused on a more 
comprehensive picture of musculoskeletal fitness and balance among older adults, 
showed that all test results declined with increasing age. Women scored better on 
the upper- and lower-body flexibility tests, whereas men performed better on all 
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other tests (i.e., upper- and lower-body strength, aerobic endurance and dynamic 
balance) (Table 2). 
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There are a limited number of studies assessing the association between 
musculoskeletal fitness level, balance ability and objectively assessed physical 
activity levels in older adults. In addition, some of the existing studies showed an 
association between musculoskeletal fitness, balance and physical activity level, 
[75; 85; 87; 88], whereas others did not [69; 74]. It is also somewhat difficult to 
distinguish which components of musculoskeletal fitness (i.e., muscle strength and 
endurance, and joint flexibility) might be associated with physical activity level in 
the studies mentioned above. A study conducted by Aoyagi et al. [74] showed that 
balance and handgrip strength were both unrelated to daily step counts, whereas 
lower-extremity function (walking speeds and knee extension torque) was 
positively related to daily step counts in older adults. A study conducted by de 
Melo et al. [75] showed that balance and lower-body flexibility were both 
associated with daily step counts in older adults (mean steps for 3 days: 6,500). 
 
The majority of the population-based studies mentioned above have all been 
conducted outside the Nordic countries. In Norway, population-based 
musculoskeletal fitness and balance data and their association with objectively 
assessed physical activity levels of individuals aged 65 years and older have not yet 
been published. 
 
1.3 Muscle strength and power in older adults 
Human aging leads to a progressive loss of muscle strength (the product of mass 
and acceleration), mostly because of the atrophy of muscle mass and loss of muscle 
fibers [62]. Age-related reductions in muscle mass are primarily a consequence of 
losses of alpha motor neurons in the spinal cord and secondary denervation of their 
muscle fibers (reduction in muscle fiber number and size) [62; 89]. A reduction of 
muscle fibers is associated with motor unit loss, mainly after 60 years of age [60]. 
Fast-twitch motor units are the most affected. In addition, qualitative changes in 
muscle cross-sectional areas have been reported with increasing age, which result 
in a dramatic loss in the ability to produce force rapidly [90; 91]. Muscle power, 
defined as the product of force and velocity (power = force  velocity), therefore 
declines more than muscle strength in older men and women [92]. Muscle power 
has been shown to be positively associated with the ability to perform ADLs and 
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may be a stronger predictor of functional dependency than muscle strength [93; 
94]. A significant correlation has been shown between leg-extensor power and 
performance measures, such as the ability to rise from a chair, climb stairs and 
walk quickly [94; 95]. Muscle power is also related to dynamic balance [9] and 
postural sway [91] and may be a stronger predictor of fall risk than muscle strength 
[96]. Furthermore, increased muscle power may lead to improvements in functional 
capacity, fall prevention, dependency and disability later in life [97]. Based on this 
evidence, developing adequate assessment tools/tests and training regimes aimed 
at measuring muscle strength, power and function in older age groups may be of 
importance for researchers and clinicians working with older individuals. 
 
1.3.1 Assessments of muscle strength and power 
Field-based, rather than laboratory-based, tests are most often used to measure 
function in elderly populations when the purpose is to measure muscle strength 
rather than muscle power [98]. Field-based tests evaluating lower- and upper-body 
strength often include assessing the number of chair-rise repetitions performed 
within a specified period of time (e.g., 30-s chair-stand test: Jones et al. [99]) or 
determining the total number of consecutive repetitions an individual is able to 
perform (e.g., arm-curl test in the Senior Fitness Test battery: Rikli & Jones [100]). 
However, it may be speculated that these field-based tests are less valid for the 
measurement of muscle strength than muscle fatigue resistance, although Jones et 
al. [99] showed a moderately high correlation (r = 0.78 for men and r = 0.71 for 
women) between chair-stand performance and maximum leg-press strength in the 
elderly. Furthermore, James et al. [101] found a moderate correlation (r = 0.62 for 
men and r = 0.68 for women) between the 30-s arm-curl test performance and 
maximum biceps strength in the elderly. 
 
If the intention is to evaluate the functional capacity (i.e., a person’s ability to 
perform a work-related series of tasks [102]) among elderly individuals, a greater 
focus is needed on testing integrated movements involving several muscle groups, 
rather than using simple tasks measuring isolated muscle groups. Test 
performances could then be considered more similar to the physical challenges that 
are required in ADLs; e.g., lifting an object. A field-based test, the progressive 
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isoinertial lifting evaluation (PILE) test, by Mayer et al. [103] consists of two parts: 
one lift from floor to hip height (lumbar test) and one lift from hip height to above 
shoulder height (cervical test). The PILE test is therefore considered a useful 
multijoint functional test [103]. However, two-part lifting tests like the original 
PILE test [103] could be considered less functional when compared with a lifting 
test performed in one continuous movement. When objects are lifted from the 
ground to a high level in a single movement, there is a requirement for a higher 
degree of integrated muscle recruitment [104], and these muscle recruitment 
strategies are more similar to many ADLs [92]. A single continuous lifting test could 
therefore be considered more valid and functionally relevant when compared with 
a two-part lifting test. 
 
Based on these considerations, there is a need to develop functional tests that 
evaluate muscle strength and power through integrated movements involving 
several muscle groups for both the upper and lower body; e.g., lifting an object 
and rising from a chair. 
 
1.3.2 Effects of strength-training regimes 
It is not clear which form of strength training is most beneficial for the elderly, and 
there are different views concerning strength-training protocols where the goal is 
to maintain or attain an adequate level of muscle performance, physical function 
and to perform ADLs successfully and independently. High-intensity [105–107], low-
intensity [108], high-velocity in combination with high-intensity [109–112], high-
velocity versus traditional low-velocity resistance training at the same training 
intensity [113–115], high-velocity versus traditional low-velocity resistance training 
at different training intensities [116; 117] and functional task-oriented strength 
training [118; 119] have all been investigated. 
 
A traditional strength-training protocol for the elderly includes high-intensity and 
low-velocity strength training [106]. High-intensity strength training, equivalent to 
80% of one-repetition maximum (1RM), is effective for increasing muscle size and 
strength [105–107]. However, this training regime may lead to a lack of muscle 
power, because of the slow speed of muscle contraction. Using heavy loads (80% of 
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1RM) during explosive resistance training may be the most effective strategy to 
achieve simultaneous improvements in muscle strength and power in older adults 
[97]. Peak muscle power appeared to be improved to similar extents using light, 
moderate or heavy resistances [97; 120], whereas a dose–response relationship has 
been observed between different training loads and muscle strength [97]. Power-
training studies in the elderly have mostly focused on lower-body power [97; 109; 
110; 111; 113; 115; 120]. However, if the goal is to elicit improvements in 
functional movement capacity among older adults, it is also necessary to integrate 
the upper body in such training programs and to improve peak power in the upper-
body musculature. Furthermore, exercise strategies for the elderly should be 
designed to increase muscle power in functional movements. However, little is 
known about the functional adaptive responses of elderly subjects to power 
training [121]. Table 3 provides an overview of intervention studies in which the 
authors aimed to study the effect of traditional strength- and power-training 
protocols in older men and women. 
1
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2. NEED OF NEW INFORMATION 
Given the above there is a need of population based studies monitoring physical 
activity in older adults using consistent, reliable and valid measurement tools, in 
addition to examine associations between objectively-assessed physical activity 
level with self-report instruments including simple measures of health. There is a 
lack of population-based musculoskeletal fitness- and balance data and also its 
associations with objectively-assessed physical activity levels of individuals 65 
years and older. Paper one and two included in this thesis strive to increase the 
knowledge about physical activity levels and musculoskeletal fitness and balance 
ability, measured objectively among older Norwegian men and women. 
 
There is also a need of developing valid and reliable functional tests evaluating 
muscle strength and power through integrated movements for both upper and 
lower body. Furthermore, exercise strategies for the elderly should be designed to 
increase muscle strength and power in functional movements. Paper three and four 
included in this thesis strive to increase the knowledge about valid and reliable 
functional tests aiming at muscle strength and power, as well as functional 
adaptive responses of older adults to strength training at high intensity and high 
velocity.  
 
2.1 Specific aims of Paper I-IV  
Specific aims of the separate papers were as follows: 
 
 To describe the level of accelerometer-determined physical activity in a 
random national sample of Norwegian older adults (65–85 years), and to 
investigate the association between physical activity level and self-reported 
health (Paper I). 
 
 To describe musculoskeletal fitness and balance in a random national sample 
of Norwegian older individuals (65-85 years), to examine age- and sex-
related differences in musculoskeletal fitness and balance, and to 
investigate the association between musculoskeletal fitness and balance 
with objectively-assessed physical activity levels (Paper II). 
23 
 
 
 To test if the field-based 30-s chair-stand test and a modified field-based 
version of the progressive isoinertial lifting evaluation (PILE) test were valid 
tests for assessing relationships between: 1) lower extremity strength and 
muscle power, and 2) total lifting strength and muscle power, in elderly 
individuals. Additionally, to investigate the reliability across trials (intraday 
reliability) for the laboratory-based tests and reliability across days (interday 
reliability) for the field- and laboratory-based tests (Paper III). 
 
 To test the effect of traditional versus functional strength training, both 
performed at 80% of 1RM at a maximal intended concentric velocity, on 
muscle power and muscle strength measured functionally and traditionally in 
older adults compared with nontraining-controls (Paper IV). 
 
3. MATERAL AND METHODS 
3.1 Study design and sampling 
3.1.1 Design 
Papers I and II are based on the KAN1 (“Kartlegging Aktivitet Norge”) study, which 
was carried out in 2008-2010 and is a national cross-sectional multicenter 
examination of randomly selected 20 to 85 year-old adults and elderly in Norway 
[122]. KAN1 consists of test phase one (determining physical activity level) and test 
phase two (determining musculoskeletal fitness level and balance). Paper III is a 
reliability- and validity study and Paper IV is a controlled intervention study. All 
studies include elderly individuals (≥65 years).  
 
3.1.2 Study sample and sample selection 
From the Norwegian population registry a representative sample of 2040 individuals 
aged 65–85 years were drawn from the geographical areas surrounding the involved 
test centers (three universities and seven university colleges throughout Norway) 
(Paper I and II). The participants were randomly selected and stratified based on 
sex, age and geographical place of resistance. Study information and informed 
consent (Appendix 1) were distributed via mail to the drawn sample. Written 
24 
 
informed consent was obtained from 628 subjects (313 women and 315 men, a total 
of 31% of the invited sample), and they all went through accelerometer 
registration. Those with valid accelerometer data (see 3.3.2) were included in the 
data analysis (n = 560, 282 women and 278 men) in test phase one (Paper I) (Figure 
1). 
 
Due to limited capacity at the 10 test centers performing the musculoskeletal 
fitness- and balance testing a total of 30 % of those participating in test phase one 
was invited to participate in test phase two to assess musculoskeletal fitness level 
and balance. The participants invited to test phase two were randomly selected 
and stratified based on sex, age and geographical place of residence (Paper II). The 
participants with both valid accelerometer-determined data and musculoskeletal 
fitness- and balance measurements (based on strict test procedures, see 3.3.2 and 
3.3.4) were included in the final data analysis (n=161, 85 women and 76 men) in 
test phase two (Paper II) (Figure 1). 
2
5
 
                   F
ig
u
re
 1
. 
F
lo
w
c
h
a
rt
 o
f 
re
c
ru
it
e
d
 p
a
rt
ic
ip
a
n
ts
 i
n
to
 P
a
p
e
r 
I 
a
n
d
 I
I.
 *
 R
a
n
d
o
m
ly
 s
e
le
ct
e
d
 a
n
d
 s
tr
a
ti
fi
e
d
 b
a
se
d
 o
n
 s
e
x
, 
a
g
e
 a
n
d
 
g
e
o
g
ra
p
h
ic
a
l 
p
la
ce
 o
f 
re
si
d
e
n
ce
. 
 
P
a
p
e
r
 I
 
C
ro
s
s
-s
e
c
ti
o
n
a
l 
s
tu
d
y
 
 
T
e
s
t 
p
h
a
s
e
 o
n
e
 
I
n
v
it
e
d
 
A
 r
e
p
re
s
e
n
ta
ti
v
e
*
 s
a
m
p
le
 o
f 
m
e
n
 a
n
d
 
w
o
m
e
n
 6
5
-8
5
 y
e
a
rs
 
n
=
2
,0
4
0
 
P
a
r
ti
c
ip
a
te
d
 
n
=
6
2
8
 
3
1
3
 m
e
n
 a
n
d
 3
1
5
 w
o
m
e
n
 
 
I
n
c
lu
d
e
d
 i
n
 t
h
e
 a
n
a
ly
s
e
s
 
n
=
5
6
0
 
2
7
8
 m
e
n
 a
n
d
 2
8
2
 w
o
m
e
n
 
P
a
p
e
r
 I
I
 
C
ro
s
s
-s
e
c
ti
o
n
a
l 
s
tu
d
y
 
 
T
e
s
t 
p
h
a
s
e
 t
w
o
 
P
a
r
ti
c
ip
a
te
d
 
3
0
%
 o
f 
th
o
s
e
 p
a
rt
ic
ip
a
te
d
 i
n
 t
e
s
t 
p
h
a
s
e
 
o
n
e
 w
a
s
 i
n
c
lu
d
e
d
*
 i
n
 t
e
s
t 
p
h
a
s
e
 t
w
o
 
I
n
c
lu
d
e
d
 i
n
 t
h
e
 a
n
a
ly
s
e
s
 
n
=
1
6
1
 
7
6
 m
e
n
 a
n
d
 8
5
 w
o
m
e
n
 
26 
 
After an advertisement in the local newspaper nineteen elderly individuals (14 men 
and 5 women) volunteered for the reliability- and validity study (Paper III). Prior to 
participation, all the elderly agreed to an informed consent (Appendix 2) and 
reported their health history, perceived health status (i.e. very good, good, bad or 
poor/very poor health) and physical activity level through a questionnaire 
(Appendix 3) and received a medical clearance from their medical 
doctor/physician, either in written or verbal form. Comprehensive questions 
(Appendix 3) asking for details regarding the persons` level of physical activity was 
used, including activities of daily living and common exercise modes. Inclusion 
criteria were: 65 years and older and physically active less than 30 min per day at a 
moderate intensity. Exclusion criteria were: physically active more than 30 min per 
day at moderate intensity, participating in specific strength training, involved in 
other studies interfering with the present study, cognitive impairment, acute or 
terminal illness, or severe cardiovascular-, respiratory-, musculoskeletal-, or 
neurological diseases disturbing voluntary movement. The inclusion and exclusion 
criteria were chosen to make sure that the participants were relatively physically 
inactive and homogenous regarding their health status and physical activity levels. 
Figure 2 provides a flowchart of recruitment of participants into Paper III. 
 
The subjects in the intervention study (Paper IV) were also recruited through 
advertisement in the local newspaper. A total of 110 people showed their interest 
after the first information meeting. Because of limited capacity, 70 volunteers (35 
men, 35 women) were randomly stratified by sex out of the total number of 110. 
Informed consent (Appendix 2) was distributed to the drawn sample and obtained 
prior to the project. The subjects were randomized into two intervention groups: a 
high-power strength group (HPSG, n = 25) and a functional strength group (FSG, n = 
30). Based on the capacity of the fitness center and the number of instructors 
available, the size of the HPSG was smaller than the FSG. Finally, 15 subjects 
volunteered to be nontraining-controls (CG) and were therefore a nonrandomized 
group. Before participation, all subjects reported their health history and physical 
activity level through a questionnaire (Appendix 3). In addition, they received 
medical clearance from their medical doctor, either in written or oral form to 
ensure they were healthy enough to participate. The same inclusion- and exclusion 
27 
 
criteria were used in the intervention study as described above in the reliability- 
and validity study (see Paper III). During the study period, the participants were 
encouraged to maintain their normal physical activity- and dietary patterns. Seven 
subjects dropped out of the study: two from the HPSG and five from the CG. No 
drop-outs were registered in the FSG. The final data analyses are therefore based 
on 23 participants in the HPSG (10 men and 13 women), 30 participants in the FSG 
(17 men and 13 women), and 10 participants in the CG (5 men and 5 women). 
Figure 2 provides a flowchart of recruitment of participants into Paper IV.
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The studies were approved by the Regional Committee for Medical and Health 
Research Ethics and the Norwegian Social Science Data Services AS (Appendixes 4 
and 5), and performed by the rules stipulated by the Helsinki declaration.  
 
3.2 Sample size calculation 
Paper I and II  
A power calculation was conducted in advance of KAN1, which was based on the 
primary outcome variable overall physical activity level expressed as mean cpm. 
Calculation was made using a two-tailed test assuming Type 1 error rate=0.05 and 
statistical power =0.8. The sample size calculations for differences between groups 
were based on the number required to detect a minimum of 7% difference in cpm, 
giving a minimum sample size equal to 445 participants in each group. This is based 
on the total sample, 20-85 years of age. A separate power calculation was not 
conducted for the target age group 65-85 years old in Paper I. However, the 
number of participants included in this study was considered to be acceptable 
based on comparable studies [43; 44; 45]. 
 
A power calculation was also conducted in advance of test phase two in this cross-
sectional study (Paper II), which was based on the primary outcome variable 
aerobic capacity, expressed as VO2max (ml/kg/min). Calculation was made using a 
two-tailed test assuming Type 1 error rate=0.05 and statistical power =0.8. The 
sample size calculations for differences between groups were based on the number 
required to detect a minimum of 5% difference in VO2max, giving a minimum sample 
size equal to 159 participants. VO2max is not presented in this study. However, the 
number of participants included in Paper II was considered to be acceptable based 
on comparable studies [81; 83] when using the other physical fitness test variables 
incorporated in this study, expressed as musculoskeletal fitness and balance 
capacity. 
 
Paper III 
A power calculation was not conducted in advance of the method study (Paper III). 
However, the number of participants included in this study was considered to be 
acceptable based on comparable studies [123; 124]. 
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Paper IV 
A power calculation was conducted in advance of the intervention study (Paper IV) 
based on the work by Henwood and Taaffe [109], looking at the changes in 
functional muscle strength. The analysis was based on an effect size of 1.0, where 
the size of the change in functional muscle strength was 10% and the standard 
deviation of the mean change was 10%. The power analysis gave a statistical power 
of 81% and alpha error level or confidence level of 5%, giving a sample size in each 
group of 20 subjects. 
 
3.3 Measures and test procedures 
3.3.1 Anthropometry and self-reported background variables 
In Paper I, the participants` body height and body mass was self-reported through 
a questionnaire (Appendix 6). Body mass index (BMI) was computed as body mass 
(kg) divided by height in meters squared (m2). Self-reported level of education was 
categorized into four groups: less than high school, high school, less than four years 
of university education, and university education for four years or more (Appendix 
6). In addition, the participants also recorded if they were retired or in part-
time/full-time employment (Appendix 6). In Paper II, III and IV, body height and 
body mass were measured to the nearest 0.1 cm and 0.1 kg, respectively, by the 
use of stadiometers and body mass monitors (Seca opima, Seca, United Kingdom) 
whilst wearing light clothing and no shoes. BMI was computed after the same 
method as presented above. 
 
3.3.2 Physical activity assessment 
In Paper I and II, ActiGraph GT1M accelerometers (ActiGraph, LLC, Pensacola, FL) 
were used to measure the participants’ physical activity level. The accelerometer 
registers vertical acceleration in units called counts and collects data at a rate of 
30 times per second in user-defined sampling intervals (epochs). The number of 
steps taken per day was registered using the embedded pedometer function [122]. 
The participants received a pre-programmed accelerometer by mail. They were 
instructed to wear the accelerometer over the right hip in an elastic band while 
awake, and to remove the accelerometer when doing water activities. The 
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participants wore the accelerometer for seven consecutive days, and they returned 
the accelerometer by prepaid express mail after the registration period. We 
initialized and downloaded the accelerometers using ActiLife software provided by 
the manufacturer (ActiGraph LLC, Pensacola, FL). Customized SAS based macros 
(SAS Institute Inc., Cary, NC, USA) were used to reduce the data and derive the 
following variables: 1) mean counts per minute (cpm) (Paper I); 2) number of steps 
taken per day (spd) (Paper I); 3) number of minutes spent in intensity specific 
categories (sedentary physical activity < 100 cpm [125; 126], low-intensity physical 
activity 100-759 cpm [47], lifestyle-intensity physical activity 760-2019 cpm [47; 
126], moderate-to-vigorous physical activity ≥2020 cpm) [21] (Paper I), 4) a daily 
increment of 1000 steps (Paper II) and 5) percentage of the study population 
meeting the national physical activity recommendations (minimum of 30 minutes of 
daily moderate physical activity in bouts of 10 minutes or more) [127] (Paper I). 
Physical activity files were deemed valid if a participant accumulated at least 10 
hours of valid activity recordings per day for at least four days [128] (Paper I) and 
for at least one day (Paper II). Wear time was defined by subtracting non-wear 
time from 18 hours (all data between 00:00 and 06:00 were excluded). Non-wear 
time was defined as intervals of at least 60 consecutive minutes with zero counts, 
with allowance for 1 minute with counts greater than zero [122]. 
 
3.3.3 Self-reported perceived health assessment 
The participants` self-reported data on perceived health was registered through a 
questionnaire (Appendix 6) in Paper I, and was reported as “very good health”, 
“good health”, “either good or bad health”, and “poor/very poor health”. Self-
reported perceived health scale was condensed from five to four categories. “Very 
good health”, “good health” and “either good or bad health” were kept in separate 
categories, while “poor health” and “very poor health” were combined into one 
category “poor/ very poor health”. This was due to the low numbers in the “poor” 
and “very poor health” groups. 
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3.3.4 Musculoskeletal- and balance assessments 
The test battery used in Paper II included the following tests: one leg standing 
[129; 161], handgrip strength [130; 131], and static back extension [129; 162]. In 
addition, the following tests measuring joint flexibility were also included; sit and 
reach [132; 163] and back scratch, right and left arm over [100]. 
 
The One leg standing test [129; 161] is measuring postural control/static balance 
and the participants were instructed to stand on the optional leg, facing a mark at 
eye height on the wall three meters away (Figure 3a). The-non-balancing legs heel 
was to be placed in the knee joint of the supporting leg and the non-balancing legs 
knee was to be rotated externally. The participants` arms hung alongside their 
body. One attempt on the optimal leg was carried out, and the total time the 
participants managed to keep the initial balancing position was recorded in seconds 
(s) (maximum 0 s, maximum 60 s). 
 
The Handgrip strength test [130; 131] is measuring handgrip strength using a 
hydraulic dynamometer type baseline 90 kilogram (kg) (Chattanooga, Hixon, USA). 
The dominant hand was to hold the dynamometer, which was used to record the 
handgrip strength (Figure 3b). The best of three attempts was recorded to the 
nearest 1 kg. 
 
The Static back extension test [129; 162] is measuring endurance capacity of the 
trunk extensor muscles and the participants were asked to lay face down on a 30 
cm tall, 18 cm broad and 135 cm long bench with their iliac crest lined with the 
bench’s short side, leaving the upper body beyond the bench and their legs fixed 
on the bench (Figure 3c). The participants were instructed to hold their upper body 
in a horizontal position for as long as they could and the time (in sec) the 
participants managed to hold the horizontal position was recorded. One attempt 
was carried out, and the result was recorded in s (minimum 0 s, maximum 240 s). 
 
The Sit and reach test [132; 163] is measuring flexibility of the lower back and 
hamstring musculature. A standardized box (the length of top of the box was 53.3 
cm and the height was 32.5 cm) was placed to a wall and the participants sat on 
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the floor with their knees and upper body straight, and their heels against the box 
(Figure 3d). The participants leant as far as possible along the measuring tape atop 
of the box, with one hand on top of the other slide along the box and with the back 
and legs straight. The furthest the participants managed to stretch their hands 
along the measuring tape and hold for two sec, was recorded to the nearest half 
cm. Point zero, the point where the feet met the box was set at 23 cm from the 
box’s edge, and the recorded result was 23 cm plus or minus the distance from 
point zero, depending on what side of point zero the final reach was recorded. One 
attempt was carried out, and the result was recorded to the nearest half cm. 
 
The Back scratch test [100] is measuring flexibility in the shoulder joint and 
shoulder arch on the right and on the left side. The participants started the test by 
standing up right, placing one arm/hand on the lower back, moving it up the spine 
toward their head. The opposite arm/hand was placed behind their neck, moving it 
down the spine, aiming to place the long finger of each hand as near each other as 
possible or to overlap the other hand as much as possible (Figure 3e). The 
procedure was repeated with opposite arm/hand. The gap between the fingertips 
of the long finger of both hands was measured to the nearest half cm. The results 
were recorded to the nearest half cm, with positive numbers if the fingers 
overlapped and with negative numbers if the fingers did not meet. One attempt 
was carried out on each side (right and left arm over), and the result was recorded 
to the nearest half cm. 
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Figure 3a-e. The musculoskeletal fitness- and balance tests used in Paper II. 
 
3.3.5 Field- and laboratory based chair-stand and box-lift tests 
In Paper III, the participants completed a 15-min warm-up before testing, which 
included fast walking and active arm movements, as well as 3-5 min of upper and 
lower extremity muscle stretching. The warm-up routine was performed to ensure 
the participants were physically prepared for the strength testing and to decrease 
injury risk. Testing was completed on two occasions, 3-4 days apart and at the 
same time of the day to quantify test-retest reliability across days (interday 
reliability). A comparison was made between the field-based tests (CSfield, PILEfield) 
and the laboratory-based tests (CSlab, PILElab) to determine test validity: The 
number of unsupported chair stand repetitions in the CSfield test was compared with 
the calculated average power during single “as fast as possible” sit to stand 
movements performed on a force platform (CSlab test), and the maximum load 
lifted in the modified version of the PILEfield test was compared with the calculated 
average power directly measured with the linear encoder attached to the box 
during single “as fast as possible” box lifting trials (PILElab test). The procedures for 
the laboratory-based tests (CSlab, PILElab), were established based on a pilot study 
including n=6 participants aged 65+. The same test procedures were followed at 
day one and day two. To minimize muscle fatigue in the working muscle groups, 
a b c 
d e 
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the tests were carried out in the following order; 1RM isometric dead lift test, 
PILEfield, CSfield, PILElab and CSlab tests. 
 
The 1RM Isometric Deadlift test measured peak isometric force using a tension load 
cell (Figure 4) which was connected to an integrated data analysis program (Muscle 
Laboratory, Ergotest Technology AS, Norway by Olsen [134]). The participants were 
encouraged to exert maximal force during the test. The best, of two attempts was 
recorded. A total of 10% (women) and 15% (men) of the “average” maximum loads 
(kg) were calculated and then used during the PILElab test. The working intensity 
(10 and 15% of 1RM isometric dead lift test for women and men, respectively) in 
the PILElab test was established in a pilot study in order to make sure that the 
participants followed correct ergonomic principles (box close to body, bended 
knees and straight back) and therefore reduced the risk of injuries during the lifts. 
 
  
Figure 4. The 1RM Isometric Deadlift test used in Paper III. 
 
The PILEfield test was used to measure the ability to lift loads rapidly (total lifting 
strength), and consisted of repeated lifts of a progressively heavier box from floor 
to chin height in one continuous movement (Figure 5a). To make sure the 
participants performed the PILEfield test correctly they were asked to start the lift 
with bent knees and elbows, the box close to their body and a straight back. Whilst 
extending the knees and elbows, the box went up to chin height in one continuous 
Tension load cell 
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movement. In addition, to better control for a straight vertical movement of the 
box, the participants were asked to look straight ahead. During the lifts, the 
movement techniques were observed by an instructor at all times, in order to 
ensure the correct techniques were used. The participants lifted a light (1 kg) box 
in which sand-filled containers weighing 2.25 kg each were placed in order to 
increase the load incrementally during the test. The women started the test lifting 
the box filled with one container (2.25 kg) and the men started by lifting the box 
with two containers (4.5 kg). The participants were encouraged to work as fast as 
possible and exert maximal power (a combination of fast speed and explosive work) 
during the box lifting. The load was increased every 20 s by 2.25 and 4.5 kg for the 
women and men, respectively, until a maximum lifted load was achieved (when the 
participants could no longer lift the box using the correct technique). The total 
load lifted in the final repetition was taken as the participant’s final result. 
 
The PILElab test was used to measure lifting power capacity, and was performed 
using linear encoder and load cell connected to the integrated software system 
(Figure 5b). To make sure the participants performed the PILElab test correctly they 
were asked to use the same procedures as described in the PILEfield test. The 
participants were encouraged to work “as fast as possible” during the box lifting. 
Power output was measured as vertical force times distance divided by time. The 
average of the two best trials out of five (approximately 2 s between each trial) 
was recorded as the result. During the PILElab test, the women lifted 10% and the 
men 15% of the maximum achieved result during a maximal isometric deadlift test 
performed 45-60 min prior to the PILElab test. 
  
Figure 5a) the PILEfield test and 5b) the PILElab test used in Paper III. 
a a b 
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The CSfield test was used to measure the ability to accomplish repetitive chair-stand 
rapidly (lower extremity strength). The participants started the test sitting on a 
chair (height 46.0 cm, depth 44.5 cm), with the arms across the chest, their back 
touching with the chair’s backrest, the feet shoulder-width apart and the knees 
flexed to 90o (Figure 6a). They were asked to stand up to a straight position and re-
sit as many times as possible in 30 s, without pushing off with their arms. The 
participants were encouraged to work “as fast as possible” during the chair 
standing. The number of repetitions completed in 30 s was taken as a measure of 
performance. 
 
The CSlab test was used to measure lower extremity power and was performed on a 
force platform connected to the integrated software system (Figure 6b). The 
participants started the test sitting on the same chair that was used for the CSfield 
test, and the arms, back and feet in the same position as described above. When 
signaled, the participants were asked to stand up to a straight position as fast as 
possible, without pushing off with their arms, and then slowly sit back on the chair 
seat. Power output was measured as vertical force times distance divided by time. 
The average of the two best trials of five (approximately 2 sec between each trial) 
was recorded as the result. 
 
 
Figure 6a) the CSfield test and 6b) the CSlab test used in Paper III. 
 
a a b 
38 
 
3.3.6 Strength- and power tests 
In Paper IV, participants completed a 30-min warm-up on a cycle ergometer 
(Monark, 818 E, Ergomed) on the first test day, before undergoing the traditional 
strength tests (leg-press, Smith-machine bench-press, and 1RM isometric dead-lift 
tests). On the second test day (1 week after the first test day), the participants 
completed a 30-min warm-up including fast walking and stair climbing before the 
functional strength tests (sit-to-stand power and box-lift power tests). 
 
The Leg-Press tests: 1RM leg-press force and 80% of 1RM leg-press power were 
determined using a linear encoder and load cell connected to the integrated data 
analysis program (Muscle Laboratory, Ergotest Technology AS, Norway) as described 
above. The subjects were encouraged to exert maximal force during the bilateral 
1RM testing [134]. To measure 80% of 1RM leg-press power, the subjects were 
asked to complete the concentric phase of the movement as rapidly as possible and 
then return through the eccentric phase at a slow and controlled pace over 2–3 s. 
The average of the two best attempts of five was recorded as the result. The same 
load lifted at 80% of 1RM at pre-intervention testing was used on the post-
intervention testing to reveal possible power changes for a given load. 
 
The Bench-Press tests on the Smith Machine: 1RM bench-press force and 80% of 1RM 
bench-press power were determined using a linear encoder and load cell connected 
to the same integrated data-analysis program described above. Identical test 
procedures were followed as during the leg-press tests. 
 
Concerning the 1RM Isometric Deadlift test, Sit-to-Stand Power test (here the test 
is named CSlab test), and Box-Lift Power test (here the test is named PILElab test): 
see the description of the tests under 3.3.5. 
 
3.3.7 Exercise intervention 
The two intervention groups outlined in Paper IV exercised twice a week for 11 
weeks, with at least 48 hours between the two training sessions. The exercise 
program in the two intervention groups consisted of a 10-min warm-up including 
instructed aerobic and stretching exercises, followed by 50 min of instructed 
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strength training using machines, called high power strength training (HPSG) or 
functional strength training (FSG). Finally, a 10-min cool-down consisting of lower 
back, abdominal, and stretching exercises was completed under supervision in both 
intervention groups.  
 
HPSG subjects completed the following strength-training exercises in each training 
session: seated row, lat pull-down, shoulder press, leg press, and multipower bench 
press on a Smith machine (Figure 7). The exercises were performed on TechnoGym 
equipment (Silver Line/Selection, Italy). 
 
   
 
 
Figure 7. Photos showing the machine-based strength training exercises. 
 
FSG subjects completed the following functionally based exercises in each training 
session: stair climbing using a backpack filled with training weights as the external 
load, box lifting using 2.25-kg bottles filled with sand as the external load, 
shoulder press and one-arm flies using dumbbells as the external load, and “rubber 
band rowing” using three different-resistance rubber bands as the external load 
(Figure 8). In addition, the participants in the FSG worked in an obstacle course 
consisting of sit-to-stand from a chair, hurdles, balance, and slalom challenges. 
They were asked to complete the obstacle course as correctly and quickly as 
possible.  
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Figure 8. Photos showing a selected sample of the functional-based exercises. 
 
All participants worked in pairs and were supervised by an instructor whose 
responsibility was to maintain set protocols and to establish a standard of security 
and motivation. Five instructors were engaged throughout the 11-week 
intervention, and each instructor was responsible for the same exercises in the 
training period. The same training protocol was used as described in Jozsi et al. 
[135] and Henwood and Taaffe [109]. The focus in the first 2 weeks (equivalent to 
four training sessions) of the training period was for the subjects to learn how to do 
the exercises, establish good training routines for the couples who worked 
together, get used to the training environment, and gain muscle conditioning.  
 
The first four training sessions had the following training protocol: 
 For each exercise the participants completed three sets of six to eight 
repetitions at 60% of 1RM in the first set and 70% of 1RM in the second and 
third sets. 
 Concentric and eccentric movements were performed in 2–3 s each. 
 
The rest of the intervention period (equivalent to 18 training sessions) had the 
following training protocol: 
 The training aimed specifically at increasing muscle power by using rapid 
concentric movements and increasing resistance intensities. 
 Three sets of eight repetitions were performed at 60% of 1RM in the first set 
and 80% of 1RM in the second and third sets. 
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 The participants were instructed to perform the concentric phase of the 
movement as rapidly as possible, then return through the eccentric phase at 
a slow and controlled pace of 2–3 s. 
 In the third set of exercises on the second training day each week, the 
subjects were asked to work past the eighth repetition until failure. If they 
managed to do 10 repetitions, the 1RM was increased by 5%. If they 
managed to do 12 repetitions, the 1RM was increased by 10%. The 1RM 
training percentages were then recalculated accordingly. 
 
Subject participation was recorded at every training session and they were allowed 
to be absent three times during the 22-session intervention period. No participants 
in the intervention groups were excluded from the study based on adherence less 
than 19 training sessions. 
 
3.4 Statistical analysis 
In Paper I: Student’s t-tests for independent samples were used to assess 
differences in continuous variables (age, height, body mass, BMI, number of 
minutes spent in intensity-specific categories) between women and men in the 
different age groups. Pearson’s chi-square analyses were used to identity 
differences between the sexes in education level, self-reported health, and in the 
proportion of participants from each sex who adhered to the current PA 
recommendations. ANOVA with Bonferroni adjustments were used for comparisons 
between multiple groups. Linear regression analysis was used to estimate changes 
in physical activity level with increasing age. 
 
In Paper II: Based on the Kolmogorov-Smirnov test we considered the data normally 
distributed. Data are presented as mean and standard deviations (SD), standard 
errors (SE), or 95% confidence interval (CI) when appropriate. Sex and age 
differences in the test results (one leg standing, handgrip strength, static back 
extension, sit and reach, back scratch right and left arm over) were examined using 
ANOVA. When examining differences between age groups (65-69 years, 70-74 years, 
75-79 years, and 80-85 years), we adjusted for sex and test center, and when 
examining differences between sexes in the various tests, we adjusted for age and 
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test center. When presenting total values, we adjusted for sex, age, and test 
center. When we examined differences in musculoskeletal fitness- and balance 
tests in the different age groups the first step was to test the two-way interaction 
between sex and age groups, by using general linear model. As no significant 
interaction was found in neither of the variables the analyses were run for both 
sexes combined.  
 
Linear regression analyses were used to investigate how physical activity level 
(expressed as 1,000 steps increments to aid interpretation of the beta coefficients) 
was associated with the different musculoskeletal fitness- and balance tests. The 
musculoskeletal fitness- and balance tests were the dependent variables and 1,000 
steps increments as the continuous, independent variables. Separate regression 
models were constructed for each predictor. Crude and adjusted regression 
coefficients are displayed. Significant interactions between sex*steps and handgrip 
strength-, sit and reach- and back scratch tests were present. However, running 
the analyses by sex did not alter any associations in a meaningful way and the 
analyses are therefore run on the whole sample including age, sex, daily 
accelerometer wear time and test center as covariates.  
 
In Paper III: To determine whether five repeated measurements on the same day 
were similar (intraday reliability), Intra-class correlations (ICCs, one-way random 
effects model) with 95% confidence interval (CI) were computed to calculate the 
correlations across trials for CSlab and PILElab tests, and repeated measures ANOVAs 
with pairwise comparisons were used to analyze the mean differences across trials 
(mean ± SD). Day one was used for the five repeated trials analysis. To determine 
test-retest reliability from day one to day two (interday reliability), ICCs (one-way 
random effects model) with a 95% CI were calculated to determine reliability 
across days for CSfield, CSlab, PILEfield and PILElab tests, and a paired-samples t-test 
was used to examine the mean differences from days one to two. Descriptive 
statistics for the field- and laboratory-based tests at day one and day two were also 
computed.To determine the validity between the two test performances (field- and 
laboratory-based tests), ICCs (two-way mixed model) with 95% CI were computed. 
Data obtained on test day one were used for the validation analysis. 
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In Paper IV: One-way ANOVA with Bonferroni’s post hoc test was used to analyze 
differences between groups at baseline, in addition to analyze differences in the 
change in performance from pre- to post intervention testing between the three 
groups (HPSG, FSG, and CG). Within-group comparisons were made using Student’s 
paired-sample t-tests. 
 
Statistical analyses were conducted using IBM SPSS Statistics 19 (Paper I and II) and 
13 for Windows (IBM Corporation, Route, Somers, NY, USA) (Paper IV), and 
Microsoft Excel and PASW Statistics 18 (Paper III). A two-tailed alpha level of 
p≤0.05 was used for statistical significance for all four papers. 
 
4. SUMMARY OF RESULTS 
 
4.1 Participants` characteristics (Papers I-IV) 
Four groups of participants participated in Paper I to IV. The participants` 
anthropometric data are shown in Table 4. In Paper I the mean age (SD) was 71.8 
(5.6) years for women and 71.7 (5.2) years for men. Men had significantly higher 
BMI compared to women (p<0.001). In Paper II the mean age (SD) was 73.2 (5.4) 
years for women and 72.3 (4.8) years for men. No significant differences in BMI 
were observed in men compared to women. In Paper III the mean age (SD) of the 
total sample was 72.4 (5.0) years. In Paper IV the mean age (SD) of the total 
sample was 69.9 (4.1) years and no significant differences in the subjects` 
characteristics were observed between the three groups at baseline.
4
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The education level and self-reported health among the participants included in 
Paper I are shown in Table 5. Overall, 34% of the participants reported an 
education level less than high school, 36% reported completed high school, and 30% 
reported to have a university education. The majority of the study sample reported 
having a ”good health” (55.9% of women and 51.2% of men, p>0.05) or “either good 
or bad health” (21.7% of women and 27.8% of men, p>0.05)1. 
 
1 Corrections have now been made based on what is written in Paper I; “The majority of the study sample reported having 
“very good health” (22.3% of women and 16.3% of men) or ”good health” (56.2% of women and 53.7% of men)”.
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4.2 Description of physical activity level and its associations to self-reported 
health (Paper I) 
A total of 560 participants had valid activity registrations. Overall, physical activity 
level (cpm) was significantly different between the age groups (65-69, 70-74, 75-79 
and 80-85 years), except between the age groups 65–69 and 70–74 years (Figure 9). 
This accounted for an overall physical activity level difference of 21% (p = 0.003) 
between the 70-74 and 75–79 years age groups, and a 32% (p = 0.004) difference 
between the 75–79 and 80–85 years age groups. The oldest participants (80–85 
years) displayed a 50% (p <0.001) lower activity level compared with the youngest 
participants (65–70 years). There were no significant differences in overall physical 
activity level (cpm) or steps taken per day between women and men within the 
different age groups. 
 
 
 
Figure 9. Mean (SEM) overall physical activity levels in counts per minute (cpm) in 
the different age groups. a-b: Equal letter indicate significant difference (p≤0.05) 
in overall physical activity level between the different age groups. 
 
When using the data to simulate a longitudinal trend, the regression analysis 
revealed that the decline was equivalent to a rate of 9 cpm (2.8%) per year (B = -
a 
b 
a
b 
a
b 
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9.4, p < 0.001, 95% confidence interval (CI): -7, -12), and the step variable 
displayed a yearly decrease of 215 steps (B = -215, p < 0.001, 95% CI: -263,-168). 
 
In the two youngest age groups (65-69 years and 70-74 years), men spent more time 
being sedentary compared with women (558 vs. 535 min (p = 0.02) and 554 vs. 525 
min (p = 0.03), respectively). Women in all age groups, except for the oldest (80-85 
years), spent more minutes in low-intensity physical activity compared with men 
(223 vs. 192 min (p < 0.001), 223 vs. 187 min (p < 0.001) and 200 vs. 179 min (p = 
0.05), for the 65–69, 70–74, 75–80 year age groups, respectively). No significant sex 
differences were found within age group when looking at the time spent in lifestyle 
physical activity. There was a decline in the proportion of time spent in MVPA when 
comparing the youngest age group with the oldest (34 vs. 9 min, p < 0.001). A 
difference between the sexes was only apparent in the 75-79-yr age group where 
men spent significantly more time in MVPA compared with women. Of the waking 
hours per day, the whole sample spent 9.3 hours (66%) being sedentary, 3.3 hours 
(24%) in low-intensity physical activity, 1 hour (7%) in lifestyle physical activity and 
30 minutes (3%) in MVPA. 
 
A total of 21% of the participants fulfilled the current Norwegian physical activity 
recommendations (2004) of 30 minutes of daily moderate physical activity, 
accumulated in bouts of 10 minutes or more. The adherence to the 
recommendations decreased markedly with increasing age and among the 80–85 
year-olds 6% adhered to the recommendations. A difference between the sexes 
were only observed in the 75-79-yr group where men had a significant higher 
adherence to physical activity recommendations than women (p = 0.01). 
 
Physical activity levels differed across categories of self-reported health. A 51% 
higher level of physical activity was registered in those reporting “very good 
health” compared to those reporting “poor/very poor health” (344 (13) vs. 170 (33) 
cpm, respectively (p < 0.001)), and a 43.3% higher level of physical activity was 
registered in those reporting “good health” compared with those reporting 
“poor/very poor health” (300 (8) vs. 170 (33) cpm, respectively (p = 0.001)). 
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4.3 Description of musculoskeletal fitness- and balance capacity and its 
association to physical activity level (Paper II) 
The participants in the youngest age group (65-69 years) had significant better 
results in one leg standing test compared with the participants in the older age 
groups; 65-69 years compared with 70-74 years: 9.2 s difference (p=0.04), 65-69 
years compared with 75-79 years: 17.4 s difference (p≤0.001), and 65-69 years 
compared with 80-85 years: 23.0 s difference (p≤0.001). The difference was 
equivalent to three times greater static balance in the youngest age group than in 
one of the older ones (75-79 years). The youngest age group (65-69 years) had also 
significantly better results in static back extension test compared with the 
participants aged 75-79 years: 27.8 s difference (p=0.03). The difference was 
equivalent to two times greater muscular endurance in trunk extensors in the 
youngest age group than in one of the older ones (75-79 years). No statistical age 
differences were found in the other musculoskeletal fitness test results. 
 
The mean sit and reach result was significantly better in older women (65-85 years) 
compared with older men (65-85 years) (7.0 cm difference, p≤0.001). Both the 
mean back scratch right- and left arm over results were also significantly better in 
women compared with men (6.1 cm difference (p=0.01) and 6.7 cm difference 
(p≤0.001), respectively). The difference was approximately two times greater body 
flexibility in women than in men. Also, women had significantly better mean static 
back extension results compared with men (16.0 s difference, p=0.02). The 
difference was approximately one and a half times greater muscular endurance in 
trunk extensors in women than in men. Handgrip strength was significantly higher 
in men compared with women (16.8 kg difference, p≤0.001). The difference was 
approximately two times greater handgrip strength in men than in women. No 
significant sex differences were found in mean one leg standing result.
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A daily increment of 1,000 steps was associated with better test scores for the one 
leg standing test and the static back extension test in older adults (65-85 years). 
For the one leg standing test, an increase of 1,000 steps per day was associated 
with approximately 2 s improved performance on the test (b=1.88, 95% CI: 0.85 to 
2.90, p≤0.001), equivalent to 9.6%. For the static back extension test, an increase 
of 1,000 steps per day was associated with approximately 5 s improved 
performance on the test (b=4.63, 95% CI: 1.98 to 7.29, p=0.001), equivalent to 
8.9%. No other associations were found between steps and musculoskeletal fitness 
tests (hand grip-, sit- and reach-, and back scratch tests) (Table 6).
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4.4 Reliability and validity of chair-stand and box-lift tests (Paper III)  
Intraday reliability of laboratory-based tests (CSlab and PILElab); The intra-class 
correlations (ICC) computed across five repeated trials for CSlab and PILElab tests 
performed at day one were high to very high, ranging 0.81-0.99 (p<0.01) and 0.92-
0.98 (p<0.01), respectively. The 95% CIs were in an acceptable range for PILElab and 
for CSlab (0.90-0.98 and 0.67-0.87, respectively). ICCs for both CSlab and PILElab were 
least (0.81, p<0.01 and 0.92, p<0.01, respectively) between the first and the fourth 
trials and greatest (0.98, p<0.01 and 0.98, p<0.01) between the second and third 
trials. No significant mean differences across trials were revealed. 
 
Interday reliability of field-based tests (CSfield and PILEfield) and laboratory-based 
tests (CSlab and PILElab); Test-retest correlations across days for CSfield, CSlab, 
modified PILEfield and PILElab  tests  were respectively moderate, very high, very high 
and high, with ICCs ranging 0.71-0.95 (p<0.01). The 95% CIs were in an acceptable 
range for CSlab and PILEfield (0.86-0.98 and 0.84-0.91, respectively) but in an 
unacceptable range for CSfield and PILElab (0.38-0.89 and 0.52-0.93, respectively). 
No significant mean differences from day one to day two were revealed for these 
tests. 
 
Relationships between field- (CSfield and PILEfield) and laboratory-based test 
performances (CSlab and PILElab); ICCs between the field and laboratory versions of 
CS and PILE tests performed on day one were weak (0.36, p=0.49) and strong (0.72, 
p=0.48), respectively, with the 95% CIs in an unacceptable range (-0.44-0.45 and -
0.47-0.49, respectively). The validity of the field-based chair-stand and box-lift 
tests was deemed to be poor when compared to the laboratory-based test. 
 
4.5 Effects of traditional strength training versus functional strength training 
(Paper IV) 
 
Sit-to-stand power test; No significant differences in percent change from pre- to 
post intervention were found in the sit-to-stand power test between the three 
groups (HPSG: 14.5%, FSG: 9.7% and CG: -4.1% (p=0.101)). Within group 
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improvements from pre- to post intervention in the sit-to-stand power test were 
only found in FSG (9.7%, p=0.004). 
 
Box-lift power test; No significant differences in percent change from pre- to post 
intervention were found in the box-lift power test between the three groups 
(HPSG: 19.2%, FSG: 9.7% and CG: 3.3% (p=0.135)). Within group improvements from 
pre- to post intervention in the box-lift power test were found in both HPSG 
(19.2%, p<0.001) and FSG (9.7%, p=0.006).  
 
Leg-press force (1RM) test; Both HPSG and FSG significantly improved their leg-
press maximum force from pre- to post intervention (19.8% (p<0.001) and 19.7% 
(p<0.001), respectively) compared with CG (4.3%) (p=0.026).  
 
Leg-press power (80% of 1RM) test; No significant differences in percent change 
from pre- to post intervention were found in the leg-press power test between the 
three groups (HPSG: 0.3%, FSG: 2.9% and CG: 16.6%) (p=0.176)). Within group 
improvements from pre- to post intervention in the leg-press power test were 
found in CG (16.6%, p=0.041). 
 
Bench-press force (1RM) test; No significant differences in percent change from 
pre- to post intervention were found in the bench-press maximum force test 
between the three groups (HPSG: 15.2%, FSG: 12.9% and CG: 14.7% (p=0.502)). 
Within group improvements from pre- to post intervention in the bench-press 
maximum force test were found in both HPSG (15.2%, p<0.001) and FSG (12.9%, 
p<0.001). 
 
Bench-press power (80% of 1RM) test; HPSG significantly improved bench-press 
power from pre- to post intervention (25.1%, p=0.003), and this change was 
significantly different from both FSG (0.5%, p=0.02) and CG (2.0%, p=0.04) 
(p=0.013).  
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5. GENERAL DISCUSSION 
The following general discussion will primarily focus on the main results, study 
design, strengths and limitations. 
 
5.1 Physical activity and its association with self-reported health in older adults 
(Paper I) 
The results in Paper I show that the objectively measured physical activity level 
differed significantly with age among older adults living in Norway, where the 
oldest subjects (80–85 years) displayed a 50% lower activity level compared with 
the youngest (65–69 years) participants. This is in accordance with other cross-
sectional studies using the same objective method [18; 21; 41; 43–45] (see Table 
1). Our population appeared to have somewhat higher overall physical activity 
levels than has been reported for corresponding age groups in other studies from 
the USA [21; 41], the UK [43] and Iceland [45]. One might speculate that this is 
because of differences in socioeconomic status, cultural differences with respect to 
retirement age, infrastructure and degree of environmental security among the 
populations studied. However, the activity level found in Norway was similar to the 
level reported in Sweden [46]. 
 
No sex-related differences in overall physical activity level within each age group 
(65–69 years, 70–74 years, 75–79 years, 80–85 years) were observed among older 
Norwegian adults, which is in contrast to similar studies from other countries that 
usually showed a higher mean physical activity level among men than women [18; 
41; 42; 43; 44; 45]. This might be related to cultural differences such as sex roles 
and gender equality. 
 
Overall, the older adults spent the majority of their waking hours being sedentary 
(66% of the total wear time), and this was followed by low-intensity physical 
activity (24%), lifestyle physical activity (7.1%) and MVPA (3.0%). These findings 
were comparable with those reported among older adults in Iceland [45], the UK 
[43] and Canada [42]. Katzmarzyk et al. [136] have shown a dose–response 
association between sitting time and mortality from all causes, independent of 
leisure time physical activity. Van der Ploeg et al. [137] also have shown that 
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prolonged sitting is a risk factor for mortality from all causes, independent of 
physical activity. A recently published study by Schmid et al. [138] concluded that 
high levels of sedentary time and low levels of MVPA are both strong and 
independent predictors of early death from any cause. However, because of several 
methodological challenges when performing such analyses, there is no consensus 
with respect to the independent effect of sedentary time when adjusted for 
physical activity [138]. Nevertheless, the large proportion of the elderly who are 
sedentary and have low levels of physical activity is worrying because it might lead 
to significant health problems, including a reduced quality of life and an increased 
need for assistance [38]. Public health programs should therefore focus on 
increasing physical activity levels, in addition to reducing sedentary time for 
extended periods in older adults. Older Norwegian women spent more time in low-
intensity physical activity and less time being sedentary and in MVPA compared 
with their male counterparts. This might be explained by older women performing 
more activities with lighter intensity such as washing dishes, hanging washing, 
ironing, cooking, eating or performing other domestic duties compared with men, 
while men may be performing more activities with a higher intensity level such as 
snow shoveling, wood cutting or heavy gardening than women [139]. In comparison, 
older men in the UK and in Iceland performed significantly more minutes of MVPA 
per day than women [43; 45], which is in agreement with our results that showed 
that men aged 75–79 years spent significantly more time in MVPA compared with 
women in the same age range. 
 
Overall, 21% of the participants (18% and 22% for women and men, respectively) 
fulfilled the Norwegian physical activity recommendations [31]. Data from the UK 
showed a similar prevalence among older men (25.6% met national 
recommendations), but a lower prevalence among older women (14.2%) [43]. In the 
oldest age group, we found that only 6% reached the national physical activity 
recommendations. This is a higher percentage than reported in a study conducted 
in the UK by Harris et al. [44], which found that only 2.5% of the participants aged 
65 years and older met the physical activity recommendations. Analyses based on 
the new Norwegian physical activity recommendations from 2014 [32] (minimum 
150 minutes of moderate-intensity physical activity per week, or minimum 75 
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minutes of vigorous-intensity physical activity per week performed in bouts of at 
least 10 minutes), showed that 24.6% of the older adults aged 70 years (21.3% and 
27.8% for women and men, respectively) fulfilled the national recommendations 
[140]. These results are slightly higher than the percentage who fulfilled the 
physical activity recommendations from 2004 [31], on which the results in Paper I 
are based. 
 
Physical activity levels differed across levels of self-reported health, and a 51% 
higher overall level of physical activity was registered in those with “very good 
health” compared with those with “poor/very poor health”. One of the few 
available comparable studies targeting community-dwelling people in the UK aged 
65 years and older showed that those with poor health took fewer steps compared 
with those with better health [44]. The study by Harris et al. [44] used a different 
method (Health Survey For England, 1988) to register self-reported health 
compared with our study, and therefore the degree of comparability is rather 
limited. 
 
5.2 Musculoskeletal fitness and balance and its associations with physical 
activity levels in older adults (Paper II) 
The results in Paper II show that the youngest participants (65–69 years) had 
significantly better static balance and muscular endurance in the trunk extensors 
compared with the older participants. Similar results have been found in one other 
study [83]. This finding might be related to differences in physical activity level 
across the age groups. In Paper I, we have shown a 50% higher activity level among 
the youngest participants (65–69 years) compared with the oldest participants (80–
85 years). Another possible explanation might be that increasing age leads to a 
progressive loss of balance [6; 54; 55] and muscular strength and endurance [53], 
mostly because of degenerative processes in the central and peripheral nervous 
system [62], and qualitative and quantitative changes in the muscular system [54]. 
On the other hand, we were not able to show significant differences between the 
youngest (65–69 years) and the older age groups when it came to joint flexibility 
and handgrip strength, which have been observed in other studies [72; 73; 79; 80]. 
This discrepancy might be a result of cultural differences with respect to 
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retirement age, infrastructure and degree of environmental security among the 
populations studied, as also mentioned above regarding differences in physical 
activity levels across countries (see 5.1). 
 
Older Norwegian women (65–85 years) had significantly better mean upper- and 
lower-body flexibility compared with older men (65–85 years), which is in 
accordance with the findings from previous studies [72; 76; 85; 86]. A possible 
explanation for these sex-related differences might be related to differences in 
physical activity patterns among older men and women. In Paper I, we have shown 
that older Norwegian women spent more time (minutes) on low-intensity physical 
activity than did their male counterparts. This observation was confirmed in the 
present study because we found that women spent significantly more time each 
day performing low-intensity physical activity compared with men (216 versus 190 
minutes, respectively; p = 0.001) (data not shown). We could therefore speculate 
whether daily low-intensity activities such as washing dishes, hanging washing, 
ironing and cooking might affect joint flexibility in older women by limiting the 
age- and activity-related deterioration. Other factors that might play a role 
regarding sex-related differences in joint flexibility are anatomical and 
physiological differences, smaller muscle mass and different joint geometry and 
collagenous muscle structure [164]. Furthermore, older Norwegian women also had 
significantly better muscular endurance in the trunk extensors compared with older 
men. This sex-related difference might be related to mechanical principles during 
the static back-extension testing. The shorter and lighter upper body of women 
compared with the longer and heavier upper body of men creates a shorter lever 
arm, resulting in a smaller torque in women than in men. This may make it easier 
for women to maintain the correct position for a longer period. In addition, women 
might be performing more domestic activities on a daily basis than men, as 
mentioned above, which requires them to stand in an upright position (e.g., when 
washing dishes, hanging washing, ironing and cooking). This might affect the 
muscular endurance capacity in their trunk extensors by limiting age- and activity-
related deterioration. However, older Norwegian men had significantly better 
handgrip strength compared with women, which is in accordance with other cross-
sectional studies where dynamometers were used [72; 79; 80; 81; 82]. However, no 
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difference between the sexes was found in static balance, which is in contrast to 
one other study that showed significantly better static balance in older men than 
women [86]. A possible explanation for not finding any sex-related differences in 
the static balance among the older Norwegian adults might be related to their 
physical activity level. In Paper I, we have previously reported no sex-related 
differences in overall physical activity level within the different age groups among 
older Norwegian adults. This observation was confirmed in the present study, as we 
found no sex-related differences in the number of steps taken per day (7,551 for 
women versus 7,356 for men; p = 0.7) (data not shown). 
 
A daily increment of 1,000 steps was associated with significantly better static 
balance and muscular endurance in the trunk extensors in older Norwegian 
individuals. A recently published study by de Melo et al. [75] reported that 
agility/balance was significantly associated with pedometer-assessed steps taken 
per day when comparing older Canadian adults categorized as “high walkers” 
(mean steps for 3 days 6,500) with “low walkers” (mean steps for 3 days <3,000). 
However, body sway/static balance was unrelated to accelerometer-defined 
measurements in older Japanese men and women [74]. In addition, handgrip 
strength was also unrelated to daily step counts in this elderly Japanese cohort, 
which is in line with our results. Furthermore, we found no association between a 
daily increase of 1,000 steps and upper- and lower-joint flexibility. In contrast, de 
Melo et al. [75] reported significantly better lower-body flexibility in “high 
walkers” than in “low walkers”. To our knowledge, no prior work has examined the 
association between muscular endurance in trunk extensors and physical activity 
among older adults, which makes our results rather novel. 
 
5.3 Methodological aspects regarding measuring muscle strength and power in 
older adults (Paper III) 
The results in Paper III show that the intraday reliability of the laboratory-based 
versions of CS and PILE tests was high. High test–retest reproducibility across trials 
could possibly be explained by the strict and standardized test protocol used in the 
present study. The intraday reliability of the field-based tests should be considered 
when evaluating this study, given that most researchers [99; 103; 123; 141; 142] 
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have investigated the test–retest reproducibility across days rather than across 
trials. 
 
The interday reliability of the field-based versions of CS and PILE tests was 
generally high. The range of scores on test days 1 and 2 was also similar for both 
field-based tests, supporting the finding of high test–retest reproducibility. Despite 
this, the 95% CIs were unacceptably wide for CSfield, which may be related to the 
relatively small sample size. Similar results have previously been reported by Jones 
et al. [99], who showed a nonsignificant change in scores from day 1 to day 2 (2–5-
day interval), indicating that the field-based test had good reliability across days. 
Other studies have also concluded that the 30-s chair-stand test has good test–
retest reliability across days in older adults [123; 141; 142]. Our PILEfield interday 
reliability result was consistent with the findings of Mayer et al. [103], who found 
adequate test–retest reliability for the two-part lumbar and cervical version of the 
test. A similar result in the one-part (cervical only) lift was also found in the study 
by Horneij et al. [143]. As described in the Method section (see 3.3.5), we used one 
continuous lifting procedure in the PILE test, which is different to the original two-
part lifting PILE test (a cervical and lumbar lift) used by others [103; 143]. 
Therefore, a comparison of the reliability is rather difficult. To our knowledge, no 
previous studies have examined the test–retest reliability of the PILE test using one 
continuous lift. 
 
The interday reliability of the laboratory-based versions of CS and PILE tests was 
also considered generally high. The range of scores on test days 1 and 2 was quite 
similar for both laboratory-based tests, supporting the finding of high test–retest 
reproducibility. Despite this, the 95% CIs were unacceptably wide for PILElab, which 
may be related to the relatively small sample size. 
 
A poor validity (low ICCs with unacceptable CIs) was revealed for the field-based 
versions of the chair-stand and box-lift tests. The lack of significant correlations 
between the field and the laboratory versions of the CS and PILE tests indicates 
that the field-based versions were not valid for assessing relationships between 
muscle strength and power among elderly individuals, even though the test 
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procedures in both versions were performed “as fast as possible” with integrated 
movements involving several muscle groups and a strict routine to ensure the 
correct lifting strategy. The field-based versions of the chair-stand and the box-lift 
tests did not measure the same properties as the laboratory-based tests; i.e., their 
validity was poor. Thus, these tests do not seem to assess relationships between 
strength and power performance, and are most likely measures of muscle fatigue 
resistance. Thus, the field-based tests might be useful to examine the functional 
performance in elderly populations but cannot be considered surrogates for the 
laboratory-based tests. Therefore, they also cannot be considered valid tests for 
assessing relationships between strength and power. Several previous studies [99; 
123; 144] have found good relationships between chair-stand performance and a 
laboratory-based measure using a nonfunctional 1RM leg-press test, which was 
designed to measure maximum muscle strength. Nonetheless, the leg-press 
exercise is dissimilar in its movement pattern to most ADLs, so the functional value 
of the leg-press test could not be clearly ascertained. One published study [124] 
used a force platform to measure power output during the 30-s chair-rise test in 14 
older adults. They reported a significant correlation between the average power 
output during the chair rises and predicted power developed through equations 
based on body mass and the number of chair rises performed during the first 20 s of 
the 30-s trial. These results indicate that lower-body muscle power in older adults 
might be accurately evaluated using data from the initial 20 s of a simple 30-s CS 
test. Although there were similarities in the testing tool (e.g., the use of a force 
platform) in our study compared with the study by Smith et al. [124], differences in 
the testing procedures could explain the strong correlation detected by Smith et al. 
[124]. No studies were found that specifically examined the validity of the PILE 
test. However, a number of studies have used the test or compared PILE results 
with other measures (see review by Innes [145]). 
 
5.4 Traditional versus functional strength training in older adults (Paper IV) 
The main results in Paper IV show that there was no difference in the effect on 
functional power (sit-to-stand and box-lift power) and traditional maximal strength 
(maximal leg-press and bench-press strength) between the two training regimes, 
namely traditional machine-based strength training versus functional strength 
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training. However, a significant difference in effect was seen in traditional upper-
body power (bench-press power test) between the two intervention groups and the 
control group. 
 
Because we could not detect any difference in functional power and traditional 
maximal strength between the two exercise groups (high power strength group: 
HPSG, functional strength group: FSG), we combined the subjects and compared 
them with the control group (CG) to increase statistical power. A significant 
improvement in sit-to-stand power was found in the combined intervention group 
(80.3 ± 184.7 W, equivalent to 11.9%) compared with the CG (–59.2  155.8 W, 
equivalent to –4.1%; p = 0.030). A significant improvement in maximal leg-press 
strength was also found in the combined intervention group (199.5 ± 194.4 N, 
equivalent to 20.2%) compared with CG (14.2 ± 123.7 N, equivalent to 4.3%; p = 
0.001). These results show that strength training at high intensity and high 
velocity, per se, appears to have a substantial effect on both lower-body strength 
and functional performance in older individuals, which is in agreement with 
previous research [109; 112; 114; 146; 147]. Surprisingly, our results showed no 
significant increases in upper-body performance (maximal strength) when 
comparing the combined group with the CG. The lack of significant differences 
between the groups for upper-body maximal strength and performance might be 
explained by differences in the responses of men and women. 
 
No significant increases were seen in HPSG and FSG compared with CG in functional 
lower-body power in the sit-to-stand power test. These results were not consistent 
with those of Henwood and Taaffe [109; 146] who found a significant improvement 
in chair-rise ability after a high-velocity resistance-training program. Their study 
had a low training specificity, involved only an 8-week intervention period and had 
a relatively small number of participants in the training group (n = 15), so their 
results might be related to the use of a combination of high-intensity and high-
velocity movements. At least for the lower-body musculature, the use of separate 
high-intensity and high-velocity sessions might be more effective than consistently 
using a single-session design where the concentric phase is performed as rapidly as 
possible. This hypothesis should be tested in future research. The lack of functional 
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lower-body power improvements in HPSG is probably because of the low training 
specificity. This is in agreement with Henwood and Taaffe [109], who found that 
the proportional change in functional strength was less than the change in 
traditional strength after higher-velocity, machine-based strength training. 
 
Both HPSG and FSG significantly improved their functional upper-body power in the 
box-lift power test from pre- to postintervention, although this change was not 
significantly different from CG. These findings differ somewhat from those of 
Skelton et al. [108], who found no change in bag-lifting performance after 
functional strength training. De Vreede et al. [118] demonstrated that functional 
strength training had a significantly greater influence on ADLs than traditional 
strength training in a group of elderly subjects. This result might be explained by 
the high training specificity in the functional group and based on this, we should 
probably have prevented FSG from performing box lifting, as this test was too 
specific to the pre- and postintervention test. 
 
Both intervention groups (HPSG, FSG) had significantly improved traditional 
maximal strength measured in the leg press compared with the CG. However, no 
significant differences in the magnitude of change were found in maximal bench-
press strength between the groups after 11 weeks of training. Studies evaluating 
the effects of high-power strength training using exercise machines have shown 
positive results in both maximal upper- and lower-body strength [97; 109; 112; 114; 
117; 120; 146; 147]. As mentioned above, differences in the responses of men and 
women might partially explain the lack of significant differences in the change of 
upper-body strength between the groups. We therefore reexamined the HPSG data, 
split by sex, and found a significant improvement in maximal bench-press strength 
in men (23.2% compared with 1.5% in CG, p<0.02) but not in women. Previous data 
[148] have shown that men have more skeletal-muscle mass than women do, and 
that these sex-related differences are greater in the upper body, which might be 
reflected in our results. 
 
An important explanation for some of the traditional strength gains observed in our 
study is the specificity of the training, which also might explain the outcomes of 
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the studies cited above. The participants in HPSG trained on the same machines on 
which they were tested. This might explain the outcome from the high-power 
strength training on the exercise machines. An interesting issue in this regard is the 
effect we found on traditional maximal lower-body strength (maximal leg-press 
strength) after 11 weeks of functional strength training. The FSG subjects did not 
train using the test exercises, resulting in a low training specificity. The stair-
climbing activity with external load on the back might have elicited enough 
strength adaptation to result in the increases seen in traditional lower-body 
strength, even though the training exercise was unilateral and the testing was 
conducted bilaterally. 
 
HPSG significantly improved bench-press power compared with both FSG and CG. 
These results are probably because of the high-intensity and high-velocity 
movements that HPSG subjects completed during the 11-week intervention. 
Unfortunately, to our knowledge, only one study [114] has demonstrated the 
effects of power training on upper-body power among the elderly. However, no 
significant changes were found in leg-press power in HPSG and FSG after 11 weeks 
of training, and no change was observed when the two training groups were 
combined; 2.3 ± 57.1 W (1.8%) compared with 39.4 ± 52.3 W (16.6%) for CG. On the 
other hand, Henwood et al. [147] demonstrated enhanced lower-body muscle 
power after a period of high-velocity resistance training, which might be explained 
by their longer intervention period of 24 weeks. 
 
Overall, in our study, strength training using exercise machines produced a greater 
outcome in traditional strength and power tests compared with functional strength 
training. These findings might be explained by a better control of the speed of 
contraction (movement) and the greater training load used by the traditional 
strength-training group than by the functional strength-training group, despite the 
fact that both groups had the intention to work at both a high training intensity 
and a high training velocity. 
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5.5 Study design, selection bias and generalization 
Papers I and II were based on a cross-sectional design, where the subjects 
performed the assessments at a single time point (phase one (2008–2009): physical 
activity assessments and phase two (2009–2010): musculoskeletal fitness and 
balance assessments). In any cross-sectional study, it is necessary to be cautious in 
inferring causality based on the findings. Furthermore, it is possible that 
confounders (e.g., marital status, health status, working versus nonworking) other 
than age, sex, BMI, education level, test center and daily accelerometer wear time 
might have affected the observed associations. The subjects included in Papers I 
and II were stratified according to sex, age and geographic place of residence, and 
were randomly selected for participation in the study. Thirty-one percent of the 
invited sample accepted the invitation concerning physical activity assessment. 
Overall, this is a relatively low participation rate. A dropout analysis performed in 
test phase one via registry linkage showed that the responses varied according to 
sociodemographic variables [122], which was consistent with other population-
based studies conducted in Western countries [149]. The physical activity level, 
self-reported health, musculoskeletal fitness and balance variables presented in 
Papers I and II may be overestimated because of selection bias. The degree of 
generalization may therefore be questioned. 
 
Paper III was based on a correlational research design where the purpose was to 
assess the relationship between two variables/data, and assess the direction and 
magnitude of the relationship. The fact that the participants were quite 
homogeneous (regarding physical activity level and health status) can be 
considered a strength of this study, because a small spread of data would have 
reduced the magnitude of the correlations. Because performances were compared 
within individuals, it is less likely that the participants’ physical and functional 
levels explain the low validity found in this study. However, the uneven distribution 
of women compared with men might have influenced the results and could 
probably render generalization quite difficult. However, analysis of the ICCs, split 
by sex, revealed a similar picture in the validity of test performances among men 
and women. 
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Paper IV was based on a randomized trial research design where the subjects 
studied were randomized into two intervention groups and a nonrandomized 
control group, which is a limitation that is addressed later (see 5.6.2). However, 
there were no differences between the three groups at baseline, indicating 
homogeneous groups based on age, height, weight and BMI. The fact that five of 15 
controls dropped out of the study (four for medical reasons and one because of a 
failure to complete the required number of testing sessions), makes the sample 
size in the CG small and might have influenced the results. 
 
5.6 Study strengths and limitations 
 
5.6.1 Strengths of the studies 
The major strength of Papers I and II is the use of accelerometers to assess 
physical activity in a relatively large sample of older adults. An accelerometer is 
considered a valid, accurate and reliable measuring device of the amount, 
frequency and duration of physical activity [25; 150]. In particular, previous studies 
support the validity of the GT1M accelerometers for assessing physical activity 
among adults, including older adults [151]. The participants also showed good 
compliance with the protocol, and few datasets were lost because of insufficient 
wearing time or defective monitors. Furthermore, the combination of objectively 
measured physical activity with self-reported health status in older adults, as 
presented in Paper I, is rather novel. These variables have often been presented 
separately in other studies [18; 43; 49], and few studies [44] have objectively 
measured physical activity level and its association with general health among 
older individuals. Another strength of Paper II is the use of standardized 
musculoskeletal fitness and balance tests with high validity and reliability [100; 
152; 165; 166]. 
 
The main strength of Paper III is the use of a strict test protocol. In addition, the 
tests used to measure lifting capacity (in one continuous lift) and the ability to rise 
from a chair, which are fundamental abilities for autonomy of the elderly, are 
highly portable and are cost-effective and simple methods, making them easy to 
implement in various testing environments. A lifting test performed from the 
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ground to a higher level in one continuous movement has a high degree of 
integrated muscle recruitment, and the muscle recruitment strategies are quite 
similar to many ADLs. Based on these factors, a single continuous lifting test could 
be considered a more valid and functionally relevant test when compared with the 
two-part lifting test used by other researchers [103; 143]. 
 
The strengths of Paper IV are the use of randomized intervention groups, objective 
validated and reliable traditional tests, objective reliable functional tests and the 
high training compliance of the participants. Studies in the area of power training 
designed for the elderly have mostly focused on lower-body power [97; 109; 110; 
113; 120]. Investigating the combination of high-intensity and high-velocity training 
and the effect on both traditional and functional muscle strength and power 
involving the upper and lower extremities, as carried out in our intervention study, 
is rather novel. 
 
5.6.2 Limitations of the studies 
We acknowledge several limitations in the present studies. One limitation of 
Papers I and II is the relatively low participation rate (see 5.5). Furthermore, there 
are limitations worth noting when interpreting the accelerometry data reported in 
Papers I and II. Accelerometers do not provide qualitative information on the type 
of physical activities being performed, and hip-mounted accelerometers 
underestimate upper-body movements and activities such as carrying heavy loads, 
weight training, swimming and cycling [18]. Nevertheless, accelerometers are 
sensitive to ambulatory activities such as walking. In Paper I, the participants 
reported walking as the most frequently performed activity during the 
measurement period, which decreases the likelihood that physical activity levels 
were underestimated [122]. Walking technique must also be taken into 
consideration because it can affect the validity of accelerometer step counts, 
especially in older individuals [18]. It appears that some accelerometers can 
undercount activity in individuals with a nonstandard gait (e.g., upper body angled 
forward and knees bent during walking), thereby underestimating the activity level 
in these individuals [153]. Furthermore, when interpreting accelerometer data, 
there is a possibility that the observed differences in physical activity may simply 
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reflect differences in accelerometer wear time between groups. However, in 
Papers I and II, there were no significant differences between the sexes and 
between age groups in terms of the number of minutes of daily accelerometer wear 
time, and the samples were compliant with the accelerometer protocol with a 
mean wear time of 14.0 hours per day. 
 
In the past, methods based on self-ratings of health have been questioned because 
of their obvious subjective bias [154; 155]. However, studies have shown that self-
reporting instruments including simple measures of health and self-reported 
functioning in older persons have acceptable reliability and validity [156; 157]. 
Furthermore, because such assessments are inexpensive and easy to administer and 
interpret, self-reported health as presented in Paper I is a practical tool that is 
suitable for use in the clinical environment [158] and has become an important 
variable to assess the state of health in the older population [50; 159]. 
 
Another limitation of Paper II is that 10 test centers were involved in the data 
collection, and this might have influenced the reliability of the data. To minimize 
this limitation, a detailed test protocol together with posters illustrating the test 
procedures were developed, followed by a pilot study where all the tests were 
completed prior to commencing the main study. In addition, all of the test leaders 
at each test center were trained in the test protocol and procedures. 
 
In Paper III, the 1RM isometric dead-lift test was used to establish the working load 
in the PILElab test, which means that a static (isometric) test was used to decide 
the load in a dynamic (isotonic) test, and might therefore be considered a 
limitation of this study. Nevertheless, the static maximum test was used for safety 
reasons (being easy to control for correct ergonomic principles), and because it 
used the same working position as the dynamic test, which would likely result in 
similar muscle recruitment patterns. It is also necessary to emphasize that there 
may be some methodological issues concerning how validity was determined by 
comparing performances in the two field-based tests (the number of unsupported 
chair-stand repetitions and the maximum load lifted in the box-lift test, 
respectively) with calculated average power in the laboratory-based versions (CSlab, 
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PILElab) using a force platform and linear encoder. However, we found the methods 
to be appropriate for the purpose of the study, which was to assess relationships 
between muscle strength and power in functional tests designed for elderly 
individuals. 
 
The low number of controls, the use of a nonrandomized control group and a 
possible learning effect have to be addressed with respect to Paper IV. When we 
started the intervention, we intended to complete two testing sessions for both the 
traditional and the functional strength tests, as part of the baseline measures, to 
reduce a possible learning effect. Unfortunately, because of a limited ability to use 
the laboratories for testing, we were not able to complete more than one testing 
session for each test at the baseline. However, to reduce a possible learning effect 
and to ensure that all of the participants felt comfortable with the different tests, 
each participant was able to perform an additional attempt before the actual 
testing started. 
 
Furthermore, the lack of significant findings between the two training regimes 
(HPSG versus FSG) for functional power and traditional maximal strength, as 
presented in Paper IV, may be related to the high variability (SD) of the changes. 
To minimize this variability, an even better control of the participants’ training 
status, by measuring their physical fitness level, could have been carried out 
before inclusion in the study. However, during the recruitment phase of the study, 
the goal was to ensure that the participants were quite homogeneous according to 
their activity level and health status, based on their responses to a questionnaire. 
In addition, all participants were community-dwelling elderly individuals and were 
able to travel to the training facilities and return home without any assistance. 
 
Other possible explanations for the lack of statistical significance presented in 
Paper IV are the training intensity and velocity, training volume and the duration 
of the intervention period. It may be possible that it is easier to control for correct 
intensity and velocity in a traditional strength-training regime compared with a 
functional strength-training regime. This may have resulted in different training 
volumes in the two intervention groups, even though the same training protocol 
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[109; 135] was used in the two training regimes. It may be that an 11-week 
intervention period was too short and that two sessions per week were too few. 
Both the duration and the frequency of training could be increased in future 
studies to provide a greater training stimulus. However, most previous studies have 
used twice-weekly training and an intervention period of 8–24 weeks [109; 120; 
147]. 
 
5.7 Practical implications 
Paper I is the first population-based study conducted in Norway with the aim of 
objectively assessing physical activity levels in older age groups. Our findings may 
help to better understand the physical activity levels of older adults, thereby 
helping to guide the development of the necessary physical activity interventions 
targeted at older adults in Norway. Based on our findings, there is a great need to 
increase physical activity levels among older Norwegian adults. Implementation of 
physical activity interventions, with a special focus on increasing physical activity 
levels of older community-dwelling adults, should therefore be prioritized in the 
future because regular physical activity is critically important for healthy aging. 
 
Paper II is the first population-based study conducted in Norway aimed at 
objectively assessing physical activity levels and musculoskeletal fitness and 
balance capacities in older age groups. Our findings may help to better understand 
the musculoskeletal fitness and balance capacities of older men and women and 
the associations with physical activity levels, and may be of importance in 
establishing future preventive health strategies aiming at older community-
dwelling adults. The focus should be placed on enhancing balance, joint flexibility 
and muscular strength and endurance, because these components have relevance 
to the performance of ADLs and through this to the maintenance of independence 
and improved quality of life. 
 
Our findings in Paper III may be of importance in the future use and development 
of reliable field- and laboratory-based test procedures when measuring the ability 
to rise from a chair and lifting capacity in elderly individuals. Conducting 
laboratory-based test procedures in a functionally relevant way (sit-to-stand and 
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box-lift power tests), as undertaken in our study, is rather novel and therefore 
might be of clinical importance when the goal is to measure functional power in 
older adults. 
 
Our findings in Paper IV may help to better understand the adaptation of older 
adults to different strength-training regimes (traditional versus functional strength 
training), and these findings may be of importance in developing preventive health 
strategies aimed at older adults in the future. Investigating the combination of 
high-intensity and high-velocity training and the effect on both traditional and 
functional muscle strength and power involving the upper and lower extremities, as 
carried out in our intervention study, is novel. 
 
5.8 Recommendations and future research 
Based on Paper I 
 Efforts to increase the physical activity levels of older adults should be of 
high priority. 
 Efforts should be made to reduce sedentary time and increase lifestyle 
physical activity and MVPA among older adults in general. 
 Establishment of a new national strategy and action plans on physical 
activity aimed at Norwegian society in general and older adults in particular. 
 Ongoing surveillance and monitoring of physical activity level in the older 
population are needed to help evaluate the impact of the Norwegian 
Government initiatives to promote physical activity. 
 
The present study leads to different questions and therefore the need for future 
research. More research is needed to better understand the characteristics of the 
least physically active elderly and those who are most physically active (e.g., 
functional level, health status, motives for physical activity, former physical 
activity experience, preferred type of physical activity). It is also necessary to 
further investigate potential age- and sex-related differences where a large, 
representative sample of older adults is included. This would help guide the 
development of the necessary preventive health strategies, with a special focus on 
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physical activity interventions targeted at older men and women on a national 
level. 
 
Based on Paper II 
 Establishment of a national strategy and action plans on physical activity 
interventions, with a special focus on musculoskeletal fitness and balance 
aimed at older adults, are necessary to help Norwegian society in general 
and older adults in particular to better understand the importance of being 
physically active, in addition to obtaining improved knowledge of how to 
implement these actions. 
 Ongoing surveillance and monitoring of musculoskeletal fitness and balance 
in the older population are needed to help evaluate the impact of the 
Norwegian Government initiatives to promote physical activity. 
 
The present study leads to different questions and therefore the need for future 
research. Future research should look more carefully into the objective assessment 
of physical activity levels and the associations with a comprehensive picture of 
musculoskeletal fitness and balance variables (including muscular strength and 
endurance and joint flexibility of the upper and lower extremities, in addition to 
balance) in older adults, where a large, representative sample is included. It is also 
necessary to further investigate potential age- and sex-related differences. This 
would help guide the development of the necessary preventive health strategies, 
with a special focus on physical activity interventions targeted at older men and 
women on a national level. 
 
Based on Paper III 
 The field- and laboratory-based versions of the chair-stand and box-lift tests 
may be of importance for the use and further development of reliable tests 
designed for the elderly, given that lifting capacity and the ability to rise 
from a chair are fundamental abilities for autonomy of the elderly. 
 The field-based versions of the chair-stand and box-lift tests may not be 
valid for assessing relationships between muscle strength and power in the 
elderly. 
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The present study leads to different questions and therefore the need for future 
research. There is a need for the future development of reliable field- and 
laboratory-based test procedures when measuring the ability to rise from a chair 
and lifting capacity in elderly people. We believe that the use of a force platform 
to measure power output during chair rises, and a linear encoder and load cell to 
measure lifting-power capacity for validation purposes have functional value in the 
assessment of older adults and should therefore be investigated further. Given the 
importance of muscle power, compared with muscle strength, as a predictor of 
functional independence with increasing age, more research is therefore necessary 
to develop functional tests that can assess relationships between muscle strength 
and power performance in elderly populations. There is a need for additional 
studies in this area where a large sample size is required to increase the statistical 
power. 
 
Based on Paper IV 
 An effort should be made to implement high-power strength training aimed 
at older adults. 
 It is highly recommended that the Norwegian Government recognizes the 
importance of maintaining or enhancing muscle strength and power in the 
older age groups, resulting in financial support for strength and power 
interventions on a broad national level. 
 
The present study leads to different questions and therefore the need for future 
research. Future research should investigate the effects of different power-training 
protocols to improve functional ability in the elderly, thereby defining the 
mechanisms underlying such adaptations and, in this way, to determine the most 
effective power-training regime. There is also a need for more research regarding 
sex-related differences in the responses to different strength- and power-training 
regimes, where a large sample size is required to increase the statistical power. 
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6. CONCLUSIONS 
Based on the results presented in Papers I–IV, the following conclusions can be 
drawn. 
 The physical activity levels among older adults living in Norway differed by 
age, where the oldest (80–85 years) displayed a 50% lower activity level 
compared with the youngest (65–69 years). No sex-related differences in 
overall physical activity level within each age group were observed. Overall, 
the older adults spent 66% of their time being sedentary, 24% in low-
intensity physical activity, 7% in lifestyle physical activity and 3% in MVPA. 
Women spent more time in low-intensity physical activity and less time 
being sedentary and in MVPA compared with men. Physical activity differed 
across levels of self-reported health, and a 51% higher overall level of 
physical activity was registered in those with “very good health” compared 
with those with “poor/very poor health”. 
 The youngest (65–69 years) individuals among older adults living in Norway 
had significantly better static balance and muscular endurance in the trunk 
extensors compared with the older age groups. Older Norwegian women (65–
85 years) had significantly better upper- and lower-body flexibility, in 
addition to better muscular endurance in the trunk extensors, compared 
with older men (65–85 years). Older Norwegian men had significantly higher 
handgrip strength compared with older women. No sex-related differences 
were found in static balance. A daily increment of 1,000 steps was 
associated with significantly better static balance and muscular endurance 
in the trunk extensors in older Norwegian adults (65–85 years). 
 A poor validity of the field-based versions of the chair-stand and box-lift 
tests was observed in elderly individuals. Field-based chair-stand and box-lift 
tests may therefore not be valid for assessing relationships between muscle 
strength and power in elderly people. The intraday reliability of the 
laboratory-based versions of the chair-stand and box-lift tests was high in 
elderly individuals. The interday reliability of both the field and laboratory 
versions of the tests was generally high in elderly individuals. 
 No difference in the effects was revealed between traditional strength 
training with exercise machines and functional strength training on 
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functional power (sit-to-stand and box-lift power) and traditional maximal 
strength (maximal leg-press and bench-press strength) in older adults. 
Traditional strength training group significantly improved traditional upper-
body power (bench-press power) compared with both functional strength 
training group and nontraining controls. 
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http://www.biomedcentral.com/1471-2458/14/284RESEARCH ARTICLE Open AccessAccelerometer-determined physical activity and
self-reported health in a population of older
adults (65–85 years): a cross-sectional study
Hilde Lohne-Seiler1,2*, Bjorge H Hansen1, Elin Kolle1 and Sigmund A Anderssen1AbstractBackground: The link between physical activity (PA) and prevention of disease, maintenance of independence,
and improved quality of life in older adults is supported by strong evidence. However, there is a lack of data on
population levels in this regard, where PA level has been measured objectively. The main aims were therefore to
assess the level of accelerometer-determined PA and to examine its associations with self-reported health in a
population of Norwegian older adults (65–85 years).
Methods: This was a part of a national multicenter study. Participants for the initial study were randomly selected
from the national population registry, and the current study included those of the initial sample aged 65–85 years.
The ActiGraph GT1M accelerometer was used to measure PA for seven consecutive days. A questionnaire was
used to register self-reported health. Univariate analysis of variance with Bonferroni adjustments were used for
comparisons between multiple groups.
Results: A total of 560 participants had valid activity registrations. Mean age (SD) was 71.8 (5.6) years for women
(n = 282) and 71.7 (5.2) years for men (n = 278). Overall PA level (cpm) differed considerably between the age
groups where the oldest (80–85 y) displayed a 50% lower activity level compared to the youngest (65–70 y). No sex
differences were observed in overall PA within each age group. Significantly more men spent time being sedentary
(65–69 and 70–74 years) and achieved more minutes of moderate to vigorous PA (MVPA) (75–79 years) compared
to women. Significantly more women (except for the oldest), spent more minutes of low-intensity PA compared to
men. PA differed across levels of self-reported health and a 51% higher overall PA level was registered in those,
with “very good health” compared to those with “poor/very poor health”.
Conclusion: Norwegian older adults PA levels differed by age. Overall, the elderly spent 66% of their time being
sedentary and only 3% in MVPA. Twenty one percent of the participants fulfilled the current Norwegian PA
recommendations. Overall PA levels were associated with self-reported health.
Keywords: Physical activity level, Self-reported health, Accelerometer, Older people
Background
Regular physical activity in older adults is critically import-
ant for healthy aging [1]. The link between regular physical
activity and disease prevention, maintenance of independ-
ence and improved quality of life is supported by strong
evidence [2,3]. However, there is a lack of knowledge on
the physical activity levels and sedentary behavior among
older people. Current knowledge is primarily based on
studies using subjective assessment methods (e.g. question-
naires). Recalling physical activity is a complex cognitive
task, and old adults are likely to have particular memory
and recall skill limitations [4-6].
The introduction of accelerometers for objective as-
sessment of physical activity allows for valid and reliableed C
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desirability biases associated with self-report instruments
[9]. Objective information on the physical activity levels
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understanding of physical activity in old age [3].
There are only a limited number of studies that have
assessed physical activity using accelerometers in older
adults. Most of these studies were completed in the USA
[10-12], Canada [13] and the United Kingdom [14,15]
and relatively few studies are anchored in the northern
European countries [16-18]. Additionally, there is a lack
of knowledge regarding physical activity levels in adults
over 79 years of age [11,13,18].
The World Health Organization recommends that
information on how individuals perceive their own
health should be collected in population-based studies
including older individuals [19]. Self-reported health sta-
tus is considered as a sensitive measure of overall health
in older adults, influenced by physical function, the pres-
ence of disease, the existence of disabilities, functional
limitations, and the rate of aging [20]. It is viewed as a
holistic measurement of health, reflecting both physical
and mental health as well as well-being [21]. At present,
few studies have examined physical activity level measured
objectively in the elderly in combination with self-report
instruments including simple measures of health [22].
The aims of the present study were therefore to describe
the level of accelerometer-determined physical activity in
a random national sample of Norwegian older adults
(65–85 years), and secondary to investigate the associations
between physical activity level and self-reported health.
Methods
Design
This study was part of a national multicenter study in-
volving 10 test centers throughout Norway [23]. The
sample included in this study is those aged 65 to 85 years
(categorized into the age groups 65–69 years, 70–74 years,
75–79 years, and 80–85 years). From the Norwegian
population registry a representative sample of 2040 indi-
viduals aged 65–85 years were drawn from the geograph-
ical areas surrounding the involved test centers, and study
information and informed consent were distributed via
mail to the drawn sample. Written informed consent was
obtained from 628 subjects (313 women and 315 men, a
total of 31% of the invited sample). Those with valid accel-
erometer data (accumulated at least 10 hours of valid
activity recordings per day for at least four days) were
included in the final data analysis (n = 560, 282 women
and 278 men). The study was approved by the Regional
Committee for Medical and Health Research Ethics and
the Norwegian Social Science Data Services AS.
Measurement of physical activity
We used ActiGraph GT1M accelerometers (ActiGraph,
LLC, Pensacola, FL) to measure the participants’ physical
activity levels [23]. The accelerometer registers verticalacceleration in units called counts, and collects data at a
rate of 30 times per second in user-defined sampling in-
tervals (epochs). The number of steps taken per day was
registered using the embedded pedometer function. The
participants received a pre-programmed accelerometer by
mail. They were instructed to wear the accelerometer over
the right hip in an elastic band while awake, and to re-
move the accelerometer when doing water activities. The
participants wore the accelerometer for seven consecutive
days, and they returned the accelerometer by prepaid
express mail after the registration period.
We initialized and downloaded the accelerometers
using ActiLife software provided by the manufacturer
(ActiGraph LLC, Pensacola, FL). Customized SAS based
macros (SAS Institute Inc., Cary, NC, USA) were used
to reduce the data and derive the following variables: 1)
mean counts per minute (cpm); 2) number of steps taken
per day (spd); 3) number of minutes spent in intensity-
specific categories, and 4) percentage of the study popula-
tion meeting the national PA recommendations (minimum
of 30 minutes of daily moderate PA in bouts of 10 minutes
or more) [24]. The following intensity-specific cut-points
were applied to the raw data; sedentary time was defined
as all activity below 100 cpm (e.g. sitting, reclining, lying
down) [25,26], low-intensity PA was defined as all activity
between 100 and 759 cpm (e.g. washing dishes, hanging
washing, ironing, cooking, eating, working at a computer
desk or performing other office duties) [18], and time in
lifestyle activity (e.g. slow walking, grocery shopping,
vacuuming, child care) was defined as all activity between
760 and 2019 cpm [18,27]. Moderate-to-vigorous PA
(MVPA) was defined as all activity ≥2020 cpm (e.g. walking
at speeds of ≥78 m ·min−1 or more vigorous activities)
[12]. The number of minutes per day at different intensities
was determined by summing all minutes where the count
met the criterion for the specific intensity, divided by the
number of valid days.
Activity files were deemed valid if a participant accu-
mulated at least 10 hours of valid activity recordings per
day for at least four days, which is in accordance with
the suggestions by Trost, McIver, and Pate [28]. Wear
time was defined by subtracting non-wear time from
18 hours (all data between 00:00 and 06:00 were ex-
cluded). Non-wear time was defined as intervals of at least
60 consecutive minutes with zero counts, with allowance
for 1 minute with counts greater than zero.
Other variables
The participants self-reported data on anthropometry
(body height and body mass), level of education level
and perceived health through a questionnaire. Body
mass index (BMI) was computed as body mass (kg) divi-
ded by height in meters squared (m2). Level of education
was categorized into four groups: less than high school,
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and university education for four years or more. Per-
ceived health was reported as “very good health”, “good
health”, “either good or bad health”, and “poor/very poor
health”. Self-reported perceived health scale was con-
densed from five to four categories. “Very good health”,
“good health” and “either good or bad health” were kept
in separate categories, while “poor health” and “very
poor health” were combined into one category “poor/
very poor health”. This was due to the low numbers in
the “poor” and “very poor health” groups.
In addition, the participants also recorded if they were
retired or in part-time/full-time employment.
Statistical analysis
All statistical analyses were conducted using IBM SPSS
Statistics 19 for Windows (IBM Corporation, Route,
Somers, NY, USA).
We assessed differences in continuous variables (age,
height, body mass, BMI, number of minutes spent in
intensity-specific categories) between women and men
in the different age groups using Student’s t-test for
independent samples. We used Pearson’s chi-square ana-
lyses to identity differences between the sexes in education
level and self-reported health, and in the proportion of
participants from each sex who adhered to the current PA
recommendations.
Univariate analysis of variance with Bonferroni ad-
justments were used for comparisons between multiple
groups. Overall physical activity level (cpm and spd) varied
between test centers and with age, and these variables
Table 1 Physical activity measurements by age and sex
Women Men
Age N Mean N Mea
Overall PA (cpm)a, b65–69 yr 127 311 (13.4) 116 325 (14.0)
70–74 yr 67 294 (19.2) 79 308 (17.7)
75–79 yr 51 215 (19.5) 55 256 (18.8)
80–85 yr 37 166 (11.2) 28 153 (12.8)
Steps per daya, b
65–69 yr 127 7537 (1825.1) 116 11191 (1886
70–74 yr 67 6904 (387.6) 79 6798 (353.0
75–79 yr 51 5256 (433.7) 55 6114 (417.9
80–85 yr 37 4059 (305,9) 28 3436 (348.8
aData are presented as mean standard error of the mean (SEM).
bAll values (overall PA in cpm and in steps per day) are adjusted for test centre.
c65–69 yr compared to 75–79 yr p = 0.000, and 65–69 yr compared to 80–85 yr p = 0.
d70–74 yr compared to 75–79 yr p = 0.03, and 70–74 yr compared to 80–85 yr p = 0.0
e75–79 yr compared to 65–69 yr p = 0.000, 75–79 yr compared to 70–74 yr p = 0.03, a
f80–85 yr compared to 65–69 yr p = 0.000, 80–85 yr compared to 70–74 yr p = 0.000,
g65–69 yr compared to 80–85 yr p = 0.02.
h80–85 yr compared to 65-79 yr p=0.02.
No significant differences between sex within age groups.were therefore treated as potential confounders. When
studying the differences in PA measurements (both cpm
and time in different intensity categories) by age and sex
the analysis were adjusted for test center (Tables 1 and 2).
Furthermore, BMI and education level varied across
the categories of self-reported health, and thus treated as
potential confounders. When examining the differences
in overall PA levels in the different self-reported health
groups, analysis were adjusted for test center, age, BMI,
and education level (Figure 1). Linear regression analysis
was used to estimate changes in physical activity level
with increasing age.
Results
Physical characteristics of the study sample
Table 3 shows anthropometrical data, level of education
and self-reported health of the study sample. The mean
age (standard deviation (SD)) was 71.8 (5.6) years for
women (n = 282) and 71.7 (5.2) years for men (n = 278).
Overall, 34% of the participants reported an education
level less than high school, 36% reported completing
high school, and 30% reported to have a university edu-
cation. The majority of the study sample reported having
“very good health” (22.3% of women and 16.3% of men)
or” good health” (56.2% of women and 53.7% of men).
The majority (82%) of participants were retired whilst
11% were part time or full time employed. The remaining
6% didn’t report their occupation. In the youngest age
group (65–69 years) 73% were retired (4% didn`t report
their occupation) compared to 96% in the oldest age
group (80–85 years) (p < 0.01).
Mean difference 95% CI All
(Men-Women) N Mean14 (19.6) −25 to 52 243 317 (9.2)c
14 (26.1) −38 to 65 146 301 (11.8)d
41 (27.1) −13 to 95 106 237 (13.9)e
−13 (17.1) −47 to 21 65 160 (17.7)f
.5) 3654 (2646.5) −1559 to 8867 243 9302 (866.1)g
) −106 (524.3) −1143 to 930 146 6841 (1109.1)
) 859 (602.8) −336 to 2054 106 5721 (1307.5)
) −623 (464.3) −1550 to 304 65 3777 (1635.4)h
000.
00.
nd 75–79 yr compared to 80–85 yr p = 0.04.
and 80–85 yr compared to 75–79 yr p = 0.04.
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A total of 560 participants had valid accelerometer data
and were included in the analyses. There were no dif-
ferences in anthropometrical data or level of education
when comparing the participants who were included and
those who were excluded (due to insufficient accelerom-
eter wear time) from the final analysis. The participants
achieved a mean of 6.6 days (SD 1.4) with valid activity
recordings, and the mean wear time was 14.0 hours per
day (SD 1.2). The PA variables (overall PA in cpm and
steps per day across age and sex) are presented in Table 1.Overall PA level across age
y,
SEMOverall physical activity level (cpm) was significantly differ-
ent between the age groups, except between the age groups
65–69 and 70–74 years. This accounted for an overall PA
level difference of 21% (p = 0.003) between the70-74 and
75–79 years age groups, and a 32% (p = 0.004) difference
between the 75–79 and 80–85 years age groups. The oldest
(80–85 years) participants displayed a 50% (p < 0.001)
lower activity level compared to the youngest (65–70 years).
When using the data to simulate a longitudinal trend, the
regression analysis revealed that the decline was equivalent
to a rate of 9 cpm (2.8%) per year (B = −9.4, p < 0.001, 95%
confidence interval (CI): −7, −12). The oldest age group
took on average 5525 steps per day less than the youngest
age group (p = 0.02, 95% CI: 626 to 10426), a relative
Table 2 Mean ± SEM minutes per daya of sedentary activit
Women (n = 282) Men (n = 278)
Age N Mean ± SEM N Mean ±Sedentary PA
65–69 yr 127 535 (6.9)b 116 558 (7.3)
70–74 yr 67 525 (9.5)c 79 554 (8.7)
75–79 yr 51 561 (12.1) 55 580 (10.1)
80–85 yr 37 592 (12.5)d 28 590 (11.5)
Low-intensity PA
65–69 yr 127 223 (4.9)i 116 192 (4.4)m
70–74 yr 67 223 (6.4)j 79 187 (5.6)n
75–79 yr 51 200 (7.5)k 55 179 (7.6)
80–85 yr 37 178 (8.6)l 28 157 (9.9°)
Lifestyle PA
65–69 yr 127 69 (3.2)t 116 67 (3.8)x
70–74 yr 67 64 (5.0)u 79 65 (4.3)y
75–79 yr 51 49 (5.4)v 55 54 (4.9)z
80–85 yr 37 37 (3.6)w 28 31 (3.5)aa
MVPA
65–69 yr 127 32 (2.2)ff 116 36 (2.5)jj
70–74 yr 67 28 (3.0)gg 79 31 (2.9)kkdifference of 59%. When using the data to simulate a
longitudinal trend, the step variable displayed a yearly de-
crease of 215 steps (B = −215, p < 0.001, 95% CI: −263,
−168).
Overall PA level across sex
There were no significant differences in overall physical
activity level (cpm) or steps taken per day between women
and men within the different age groups (Table 1).
Mean minutes per day spent in the different activity categories
Table 2 presents the mean minutes the participants
spent in the different activity categories per day. In the
two youngest age groups, men spent more time being
sedentary compared to women (558 vs. 535 min (p = 0.02)
and 554 vs. 525 min (p = 0.03), respectively). Women in
all age groups, except for the oldest, spent more minutes
in low-intensity PA compared to men (223 vs. 192 min
(p < 0.001), 223 vs. 187 min (p < 0.001) and 200 vs.
179 min (p = 0.05), for the 65–69, 70–74, 75–80 year
age groups, respectively. No significant sex differences
were found within age group when looking at the
time spent in lifestyle activities. There was a decline
in the proportion of time spent in MVPA when com-
paring the youngest age group with the oldest (34 vs.
9 min, p < 0.001). A difference between the sexes was
only apparent in the 75-79-yr age group where men
low PA, lifestyle PA, and MVPA
Mean difference 95% CI All (n = 560)
(Women-Men) N Mean ± SEM−23.1* −42.9 to −3.3 243 547 (5.0)e
−28.9* −54.4 to −3.5 146 541 (6.4)f
−18.3 −49.6 to 13.0 106 571 (7.6)g
1.6 −32.3 to 35.6 65 591 (9.4)h
30.9* 17.9 to 43.7 243 208 (3.5)p
36.5* 19.7 to 53.3 146 203 (4.4)q
20.4* −0.3 to 41.1 106 189 (5.2)r
21.4 −4.7 to 47.5 65 169 (6.5)s
1.4 −8.4 to 11.2 243 68 (2.3)bb
−1.6 −14.6 to 11.4 146 65 (3.0)cc
−5.3 −19.7 to 9.1 106 52 (3.5)dd
5.3 −4.6 to 15.7 65 34 (4.3)ee
−4.8 −11.4 to 1.9 243 34 (1.6)nn
−2.6 −10.9 to 5.7 146 29 (2.0)oo
spent significantly more time in MVPA compared
with women. Of the waking hours per day, the whole
sample spent 9.3 hours (66%) being sedentary, 3.3 hours
(24%) in low-intensity PA, 1 hour (7%) in lifestyle PA, and
30 minutes (3%) in MVPA.
Overall PA levels and self-reported health
Physical activity levels differed across categories of self-
reported health (Figure 1). Those reporting “very good
health” had a 51% higher cpm compared to those in the
“poor/very poor health” category (344 (13) vs. 170 (33)
cpm, respectively (p < 0.001)), and those reporting to
Table 2 Mean ± SEM minutes per daya of sedentary activity, low PA, lifestyle PA, and MVPA (Continued)
75–79 yr 51 17 (2.4)hh 55 27 (3.8)ll −9.9* −18.9 to −0.9 106 22 (2.4)pp
80–85 yr 37 10 (2.1)ii 28 9.0 (1.5)mm 1.3 −3.8 to 6.4 65 9 (2.9)qq
*p ≤ 0.05 for sex within age group.
aAll values (mean ± SEM minutes per day of sedentary activity, low PA, lifestyle PA, and MVPA) are adjusted for test centre.
b65–69 yr compared to 80–85 yr p = 0.001.
c70–74 yr compared to 80–85 yr p = 0.000.
d80–85 yr compared to 65–69 yr p = 0.001, 80–85 yr compared to 70–74 yr p = 0.000.
e65–69 yr compared to 75–79 yr p = 0.05, 65–69 yr compared to 80–85 yr p = 0.000.
f70–74 yr compared to75–79 yr p = 0.02, 70–74 yr compared to 80–85 yr p = 0.000.
g75–79 yr compared to 65–69 yr p = 0.05, 75–79 yr compared to 70–74 yr p = 0.02.
h80–85 yr compared to 65–69 yr p = 0.000, 80–85 yr compared to 70–74 yr p = 0.000.
165–59 yr compared to 75–79 yr p = 0.05, 65–69 yr compared to 80–85 yr p = 0.000.
j70–74 yr compared to 80–85 yr p = 0.000.
k75–79 yr compared to 65–69 yr p = 0.05.
l80–85 yr compared to 65–69 yr p = 0.000, 80–85 yr compared to 70–74 yr p = 0.000.
m65–69 yr compared to 80–85 yr p = 0.006.
n70–74 yr compared to 80–85 yr p = 0.04.
o80–85 yr compared to 65–69 yr p = 0.006, 80–85 yr compared to 70–74 yr p = 0.04.
p65–69 yr compared to 75–79 yr p = 0.02, 65–69 yr compared to 80–85 yr p = 0.000.
q70–74 yr compared to 80–85 yr p = 0.000.
r75–79 yr compared to 65–69 yr p = 0.02.
s80–85 yr compared to 65–69 yr p = 0.000, 80–85 yr compared to 70–75 yr p = 0.000.
t65–69 yr compared to 75–79 yr p = 0.005, 65–69 yr compared to 80–85 yr p = 0.000.
u70–74 yr compared to 80–85 yr p = 0.001.
v75–79 yr compared to 65–69 yr p = 0.005.
w80–85 yr compared to 65–69 yr p = 0.000, 80–85 yr compared to 70–74 y p = 0.001.
x65–69 yr compared to 80–85 yr p = 0.000.
y70–74 yr compared to 80–85 yr p = 0.000.
z75–79 yr compared to 80–85 yr p = 0.04.
aa80–85 yr compared to 65–69 yr p = 0.000, 80–85 yr compared to 70–74 yr p = 0.000, 80–85 yr compared to 75–79 yr p = 0.04.
bb65–69 yr compared to 75–79 yr p = 0.001, 65–69 yr compared to 80–85 yr p = 0.000.
cc70–74 yr compared to 75–79 yr p = 0.04, 70–74 yr compared to 80–85 yr p = 0.000.
dd75–79 yr compared to 65–69 yr p = 0.001, 75–79 yr compared to 70–74 yr p = 0.04, 75–79 yr compared to 80–85 yr p = 0.008.
ee80–85 yr compared to 65–69 yr p = 0.000, 80–85 yr compared to 70–74 yr p = 0.000, 80–85 yr compared to 75–79 yr p = 0.008.
ff65–69 yr compared to 75–79 yr p = 0.001, 65–69 yr compared to 80–85 yr p = 0.000.
gg70–74 yr compared to 75–79 yr p = 0.05, 70–74 yr compared to 80–85 yr p = 0.001.
hh75–79 yr compared to 65–69 yr p = 0.001, 75–79 yr compared to 70–74 yr p = 0.05.
ii80–85 yr compared to 65–69 yr p = 0.000, 80–85 yr compared to 70–74 yr p = 0.001.
jj65–69 yr compared to 80–85 yr p = 0.000.
kk70–74 yr compared to 80–85 yr p = 0.001.
ll75–79 yr compared to 80–85 yr p = 0.01.
mm80–85 yr compared to 65–69 yr p = 0.000, 80–85 yr compared to 70–74 yr p = 0.001, 80–85 yr compared to 75–79 yr p = 0.01.
nn65–69 yr compared to 75–79 yr p = 0.000, 65–69 yr compared to 80–85 yr p = 0.000.
oo70–74 yr compared to 80–85 yr p = 0.000.
pp75–79 yr compared to 65–69 yr p = 0.000, 75–79 yr compared to 80–85 yr p = 0.004.
qq80–85 yr compared to 65–69 yr p = 0.000, 80–85 yr compared to 70–74 yr p = 0.000, 80–85 yr compared to 75–79 yr p = 0.004.
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A total of 21% of the participants fulfilled the current
Norwegian PA recommendations of 30 minutes of daily
moderate physical activity, accumulated in bouts of
10 minutes or more (Table 4). The adherence to the
recommendations decreased markedly with increasing
age and among the 80–85 year-olds 6% adhered to the
recommendations. A difference between the sexes were
only observed in the 75-79-yr group where men had a
significant higher adherence to physical activity recom-
mendations than women (p = 0.01).have “good health” had a 43.3% higher cpm compared to
those reporting “poor/very poor health” (300 (8) vs. 170
(33) cpm, respectively (p = 0.001)).
Discussion
The main findings of the present study were that
objectively-measured physical activity level significantly
differed by age in a national sample of older adults.
There were no sex differences in physical activity level
within each age group. In the age groups 65–69 years
and 70–74 years, men had higher levels of sedentary
minutes than women, whilst men in the age group
75–79 years achieved more minutes of MVPA than
women. In all age groups, except for the oldest one,
women spent significantly more minutes of low-intensity
population appeared to have somewhat higher overall
physical activity level than what has been reported in
other studies [12,16]. While Norwegian men and women
ab
Figure 1 Mean (SEM) overall PA levels in counts per minute (cpm) in the different self-reported health groups (“poor/very poor health”,
“either good or bad health”, “good health”, and “very good health”). a-b: Equal letter indicate significant difference (p<0.05) in overall PA level
between the different self-reported health groups. All values are adjusted for age, BMI, education level, and test centre.
ep
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http://www.biomedcentral.com/1471-2458/14/284PA than men. Also, overall physical activity was associated
with self-reported health.
We found that accelerometer-determined physical
activity significantly differed between the different age
groups, with the oldest age group having substantially
lower mean physical activity levels than the youngest age
group. This is in accordance with other cross-sectional
studies using the same objective method [10-17]. Our
Table 3 Physical characteristics, education level, and self-r
65–69 yr 70–74 yr
Variable Women Men Women Men
N 127 116 67 79
Age (yr)aHeight (cm)a 164.1 (5.4) 178.1 (5.9)* 163.4 (5.1) 177.1 (6.8)*
Body mass (kg)a 67.8 (10.5) 84.7 (11.5)* 65.5 (10.4) 80.0 (11.9)*
BMI (kg/m2)a 25.1 (3.7) 26.7 (3.0)* 24.5 (3.9) 25.4 (3.2)
Education level (%)
Less than high school 38.8 28.1 37.3 38.0
High school 35.7 35.5 41.8 31.6
University <4 yr 10.9 20.7 11.9 20.3
University ≥4 yr 14.7 15.7 9.0 10.1
Self-reported health (%)
Very good 22.3 16.3 20.9 23.5
Good 56.2 53.7 56.7 49.4
Either good or bad 19.2 27.6 19.4 27.2
Poor/very poor 2.3 2.4 3.0 0.0
aData are presented as mean (SD).
*p < 0.05 between sex within age group and all.in age group 75–79 years had a mean cpm of 256 and
215, respectively, data from this age group in Iceland
showed lower physical activity levels (mean cpm 150 and
139 for men and women, respectively) [16]. Our mean
physical activity levels in individuals aged 65–74 years are
higher than what has been reported among Americans
[12]. However, the activity levels in Norway are similar to
what has been reported in Sweden [17]. This might be
orted health of the study sample (n = 560) by age and sex
75–79 yr 80–85 yr All
Women Men Women Men Women Men
51 55 37 28 282 278
71.8 (5.6) 71.7 (5.2)163.3 (5.0) 175.9 (8.5)* 163.8 (6.3) 175.4 (5.0)* 163.8 (5.4) 177.1 (6.7)*
63.4 (7.5) 77.2 (11.2)* 67.4 (11.1) 76.1 (10.5)* 66.4 (10.2) 81.0 (11.9)*
23.8 (2.6) 25.0 (3.2)* 25.1 (3.5) 24.7 (2.9) 24.7 (3.6) 25.8 (3.2)*
42.0 25.9 26.8 38.7 37.3 31.6
32.0 40.7 34.1 38.7 36.2 35.8
20.0 16.7 24.4 9.7 14.6 18.6
6.0 16.7 14.6 12.9 11.8 14.0
9.8 10.9 14.3 18.8 18.6 17.5
62.7 54.5 45.2 40.6 55.9 51.2
23.5 27.3 31.0 31.3 21.7 27.8
3.9 7.3 9.5 9.4 3.8 3.4
The age group 65–69 years averaged 5525 steps more
per day than the individuals in age group 80–85 year
Table 4 Percentage of the population meeting current PA
recommendations
Women Men All
≥30 min of daily MVPA, in bouts
of 10 min or more
Age
65–69 yr 25.0 29.0 27.9b,c
70–74 yr 20.3 19.5 19.9
75–79 yr 5.8 22.8a 14.8d
80–85 yr 7.1 3.0 5.6e
ap = 0.01 for sex within age group.
b65-69 yr compared to 75–79 yr p = 0.02.
c65-69 yr compared to 80–85 yr p = 0.000.
d75-79 yr compared to 65–69 yr p = 0.02.
e80-85 yr compared to 65–69 yr p = 0.000.
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ences with respect to retirement age, infrastructure and
degree of environmental security among the populations
studied.
We did not find significant sex differences in physical
activity level within each age group, which is in contrast
with similar studies from other countries usually showing
a higher mean physical activity level among men than
among women [10,11,13-16]. This discrepancy might be
connected to cultural differences as described above. Also,
the lack of a difference in PA level between sexes in the
present study is also in contrast to earlier Norwegian stud-
ies using self-reported measures of PA [29]. Women may
spend more time doing low and lifestyle intensity activ-
ities, such as walking, household chores, and gardening
[14]. Subjectively-assessed PA have limited accuracy at
capturing activities that are unstructured and of low inten-
sity [4], which have a tendency to be performed more
often in older populations and in particular among
older women [30-32]. This is supported by the fact
that Norwegian women spent more time in low-intensity
PA and have less sedentary time compared to their male
counterparts.
The participants spent the majority of the day being
sedentary (66% of the total wear time), and this was
followed by low-intensity PA (24%), lifestyle PA (7.1%)
and MVPA (3.0%). These findings are comparable to
what has been reported among older adults in Iceland
[16], Great Britain [14], and Canada [13]. Resent research
has also shown dose–response associations between sit-
ting time and mortality from all causes, independent of
leisure time physical activity [33]. The large proportion of
sedentary time and increased sitting-time is worrying as it
might lead to substantial health problems for older people
and as a consequence, reduced quality of life and need for
assistance. It is therefore important to develop and initiate
interventions where the goal is to increase physical activity
levels and reduce sedentary time among older adults. In
addition to the PA promotion, physicians should also
discourage sitting time for extended periods.
When looking at sex- and age trends, Norwegian
women are spending less time being sedentary and more
time in low-intensity PA per day compared to men at
the same age as mentioned above, while men (75-79-yr
age group) accumulate more minutes of MVPA than
women. In comparison, older men in the UK performed
significantly more minutes of MVPA per day than
women (23.1 vs. 13.8 min) [14]. Furthermore, the British
older adults had a steep decline in the proportion of
active time spent in MVPA with increasing age [14],
which is in accordance with our results. Similar patterns
are also observed among US older adults [10] and
among Canadians aged 20–79 years [13], where MVPA
decreased across increasing age [10].(p = 0.02), a relative difference of 59%. This is in accord-
ance to what has been found in two other studies [14,15]
including older adults, both using accelerometer to assess
PA levels. Davis et al. [14] found that younger participants
(70–75 years) averaged significantly more steps per day
(5661 steps per day) than participants aged 80+ years
(3410 steps per day). Harries et al. [15] also showed
that step-count declined steadily with age. In the lat-
ter study, however, sex differences in step counts
were also reported and men achieved 754 more steps
daily than women. This is in contrast to the result of
the present study where no sex differences in step
counts were reported.
Overall, 21% of the participants (women and men: 18%
and 22%, respectively) fulfilled the current Norwegian PA
recommendations. Data from the United Kingdom shows
a similar prevalence among older men (25.6% met na-
tional recommendations), but a lower prevalence among
older women (14.2%) [14]. In the oldest age group, we
found that only 6% reached the national physical activity
recommendations. This is a higher percentage compared
with a study conducted in the United Kingdom by Harris
et al. [15], showing that only 2.5% of the participants
65 years and older met the PA recommendations. On the
other hand, looking at the Icelandic oldest (85 years and
older), as much as 25% of the men and 9% of the
women fulfilled the recommendations, defined as having
at least one ≥10 minutes MVPA boats [16]. However,
comparability between the current study and the Iceland
study [16] is hampered by the use of different physical
activity recommendation criteria and differences in data
reduction strategies.
In Norway, mean physical activity level declines by
approximately 30% between the ages of 9 and 15 years
[34]. A further decline of 30% for women and 35% for
men have been observed when going from 15 years into
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retirement age [23]. Following retirement to 80–85 years,
a further decline of 47% in women and 53% in mean PA
level was observed in the present study. The causes for
these age-related changes in physical activity level are
not fully known, although the overall decline of 50%
observed during the age of being 65 years to entering
85 years, might be caused by changes in health status
and of course the aging process in itself [35]. The higher
mean physical activity level in the youngest age group
might also be explained by higher prevalence of parti-
cipants in this age group reporting part- or full time
employment than participants in the oldest age group
(23% versus 4%). 23% of the youngest age group still
reported the fact to be employed. For example, if their
work involves a lot of walking and their physical activity
measurement period includes only working days then
their measured activity level may be higher compared
to someone whose measurement period includes non-
working days where they may be less active. This will
overall affect their computed average activity levels,
and has to be taken into consideration.
In the present study significant differences in the over-
all level of PA were observed between all self-reported
health groups, except between those who perceived their
health as “either good or bad” and “poor/very poor
health”. One of few available studies mentioned above is
targeting community-dwelling people in the U.K. from
65 years and older showed that those with poor health
took fewer steps compared to those with better health
[15]. This difference (p > 0.05) was not found in the
current study (data not shown). The latter study used a
different method (Health Survey form England, 1988:
questions related to general health, disability, long-stand-
ing illness, pain, medication use, chronic disease, falls, and
walking aid use) to register self-reported health compared
to the this study and therefore, the degree of comparability
is rather limited. The associations between physical
activity level and perceived health are strong, but due
to the study design we cannot determine causality.
The major strength of this study is the use of acceler-
ometers to assess physical activity in a relatively large
sample of older adults. The participants showed good
compliance with the protocol and few data were lost
because of insufficient wearing time or defect monitors.
Objectively-measured physical activity in combination
with self-reported health in older adults, is rather novel.
These variables are often presented separately in other
studies [11,14,21], and few studies [15] have objectively
measured physical activity levels and its association with
multiple health factors (e.g. general health).
We acknowledge some limitations to our study. One
limitation is the relatively low participation rate. A drop-
out analysis performed via registry linkage showed thatthe responses varied according to socio-demographic
variables [23], which is consistent with other population-
based studies conducted in Western countries [36].
Furthermore, there are limitations worth noting when
interpreting accelerometry data [11]. Accelerometers do
not provide qualitative information on the type of physical
activities being performed, and hip-mounted accelerome-
ters underestimate upper body movements and activities
such as carrying heavy loads, weight training, swimming,
and cycling [11]. Nevertheless, accelerometers are sensi-
tive to ambulatory activities such as walking. The partici-
pants reported walking as the most frequently performed
activity during the measuring period, which decreases the
possibility that physical activity level was underestimated
[23]. Walking technique must also be taken into consider-
ation because it can affect the validity of accelerometer
counts, especially in older individuals [11]. It seems that
some accelerometers can undercount activity in indi-
viduals with a non-standard gait, e.g. upper body
leaned forward and bended knees during walking, thereby
underestimate the activity level in these individuals [37].
Furthermore, when interpreting accelerometer data,
there is a possibility that the observed differences in
physical activity may simply reflect differences in ac-
celerometer wear time between groups. However,
there were no significant differences between sexes
and between age groups in minutes of daily acceler-
ometer wear time and the sample were compliant to
the accelerometer protocol with a mean wear time of
14.0 hours per day.
In the past, methods based on self-ratings of health
have been questioned because of their obvious subjective
bias [5,6]. Self-reported height and body mass is there-
fore considered as a limitation to our study. However,
several studies have shown that self-report instruments
concluding simple measures of health and self-reported
functioning in old persons have acceptable reliability and
validity [38,39]. Furthermore, because it is inexpensive
and easy to administer and interpret, self-reported health
is a practical tool suitable for the clinical environment
[40] and has become an important variable to assess the
state of health in the older population [20,41].
Our findings help to better understand older peoples’ rate
of physical activity and thereby help guide the development
of needed physical activity interventions targeted at older
adults in Norway. The link between PA and prevention of
disease, maintenance of independence and improved qual-
ity of life in older adults is supported by strong evidence
[2,3], and therefore it is of great importance to maintain PA
levels as long as possible. Implementation of PA among
community-dwelling older adults should therefore be prior-
itized in the future, with a special focus on the least physic-
ally active and the oldest individuals, especially in those
with low levels of self-reported health.
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Physical activity level among older adults living in
Norway differ by age, where the oldest (80–85 years)
displayed a 50% lower activity level compared to the
youngest (65–70 years). No sex differences in overall PA
level within each age group were observed. Overall, the
older people spent 66% of their time being sedentary,
24% in low-intensity PA, 7% in lifestyle PA, and 3% in
MVPA. Women spent more time in low-intensity PA,
and less time being sedentary and in MVPA compared
to men. Overall, 21% of the participants fulfilled the
current Norwegian PA recommendations. In the oldest
age group, 6% met the recommendations. Physical activ-
ity differed across levels of self-reported health and a
51% higher overall level of physical activity was regis-
tered in those with “very good health” compared to
those with “poor/very poor health. Overall PA levels
were associated with self-reported health.
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Abstract  
Background 
There is limited data on population levels including musculoskeletal fitness (MSF), balance 
and physical activity (PA) among older adults using objective assessment methods. The aims 
were therefore to; 1) describe MSF and balance in older Norwegian adults; 2) examine age- 
and sex-related differences in MSF and balance; 3) investigate the association between MSF- 
and balance with objectively-assessed PA levels. 
Methods 
This was part of a national multicenter study. Participants (65-85 years) were randomly 
selected from the national population registry. We used ActiGraph GT1M accelerometers to 
measure PA. Balance and MSF were assessed using: one leg standing (OLS), hand grip 
strength (HG), static back extension (SBE), sit and reach (SR), back scratch right and left arm 
over (BSR, BSL).  Univariate analyses of variance were used to assess sex differences within 
the different tests and for comparisons between multiple age groups. Linear regression 
analysis was used to investigate how PA was associated with MSF- and balance. 
Results 
85 women and 76 men were included. Mean age (standard deviation (SD)) was 73.2 (5.4) 
years for women and 72.3 (4.8) years for men. The youngest participants (65-69 years) had 
significantly better mean OLS- and SBE results compared with the older participants. Women 
(65-85 years) had significantly better mean SR, BSR, BSL and SBE results compared with 
men (65-85 years). Men had significantly better mean HG results compared with women. No 
sex differences in mean OLS results were observed. A daily increment of 1,000 steps was 
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associated with better mean test scores for OLS- and SBE tests (b=1.88, 95% CI: 0.85 to 2.90 
(p≤0.001) and b=4.63, 95% CI: 1.98 to 7.29 (p=0.001), respectively). 
Conclusion 
The youngest (65-69 years) had better static balance and muscular endurance in trunk 
extensors compared with the older participants. Older women (65-85 years) had better joint 
flexibility than older men (65-85 years), whereas older men had better handgrip strength than 
older women. A higher PA level was associated with better static balance and muscular 
endurance in trunk extensors in older individuals. Our results may be of importance towards 
establishing future preventive health strategies among older men and women. 
 
Key words: accelerometer-determined physical activity, fitness score, older people.  
 
Background 
Increasing age leads to a progressive loss of muscular strength, muscular endurance, joint 
flexibility [1], and balance [2, 3, 4]. Age-induced musculoskeletal fitness (MSF; a 
comprehensive picture of upper- and lower body muscular strength and muscular endurance, 
and upper- and lower body joint flexibility) loss may inhibit older people from performing 
basic functional tasks such as lifting and moving objects, rising from a chair, and walking, 
and is therefore of great importance for a persons` capability to manage daily life activities 
and to maintain functional independence [5, 6, 7]. The incidence of falls increases with age 
where muscle weakness, impaired gait and diminished balance are the most significant risk 
factors for falling [8, 9]. Managing daily life activities are based on the individuals balance 
capability, meaning the ability to maintain the body`s position over its base of support 
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whether it is a moving (dynamic balance) or stationary base (static balance) [8]. Static balance 
might therefore be an important component for predicting falls in older adults [49]. . Balance-
and muscle strengthening activities, seems to influence risk factors for falls by increasing 
muscle strength and balance ability [54, 55], which is of great importance in order to keep 
older adults independent in daily life longer [54]. 
 
However, there is limited MSF- and balance data on population levels among older men and 
women where standardized-assessment methods have been used [10, 11]. Current knowledge 
is primarily based on studies that have measured balance [12], or handgrip strength [13, 14, 
15, 16] separately. Few published studies have focused on an overall fitness evaluation (i.e. a 
more comprehensive picture of MSF and balance) among older adults [17, 18]. These studies 
showed that all test scores declined with increasing age. Women scored better on the upper 
and lower body flexibility tests, whereas men performed better on upper and lower body 
strength- and balance tests [17, 18]. The majority of the population-based studies mentioned 
above have all been conducted outside the Nordic countries. In Norway, population-based 
MSF- and balance data of individuals 65 years and older have not yet been published. 
 
Physical activity (PA) levels decline significantly with age [19, 20, 21, 22, 23, 24]. In older 
individuals, loss of MSF and balance in combination with decreased PA levels is strongly 
predictive to falls [25], disability [26], hospitalization [27], reduced quality of life [28], and 
increased mortality [1, 29]. There are a limited number of studies assessing the association 
between MSF level, balance ability and objectively assessed PA levels in older adults. Also, 
some of the existing studies showed an association between MSF, balance and PA levels [31, 
32, 33, 34], whereas others did not [8, 30]. It is also somewhat difficult to distinguish which 
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components of MSF (i.e. muscle strength and endurance, and joint flexibility) might be 
associated with PA level in the studies mentioned above. A study conducted by Aoyagi et al. 
[30] showed that balance and handgrip strength were both unrelated to daily step counts, 
whereas lower-extremity function (walking speeds and knee extension torque) was positively 
related to daily step counts in older adults. A study conducted by de Melo et al. [31] showed 
that balance and lower body flexibility were both associated with daily step counts in older 
adults (mean steps for 3 days: ≥ 6500). 
 
Regular physical activity in older adults is associated with improved functional ability [56], 
maintaining mobility [58], and inversely related to mortality [57]. Therefore, more knowledge 
about musculoskeletal fitness- and balance ability in older men and women, and their 
association with physical activity level, may be of importance towards establishing future 
preventive health strategies in older adults. 
 
Given these considerations, the aims of the present study were to; 1) describe musculoskeletal 
fitness and balance in a random national sample of Norwegian older individuals (65-85 
years); 2) examine age- and sex-related differences in musculoskeletal fitness and balance, 
and 3) to investigate the association between musculoskeletal fitness- and balance with 
objectively-assessed physical activity levels.  
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Methods 
Design and participants 
This study was part of a national multicenter study involving 10 test centers throughout 
Norway [23, 24], and consisted of test phase one (determining physical activity level using 
accelerometers) and phase two (determining MSF level and balance). A representative sample 
of 2040 individuals aged 65-85 years, were drawn from the Norwegian population registry. 
The participants were randomly selected and stratified based on sex, age and geographical 
place of residence. Study information and informed consent were distributed via mail to the 
drawn sample. Written informed consent was obtained from 628 participants (313 women and 
315 men, a total of 31% of the invited sample), and they all went through accelerometer 
registration. Those with valid accelerometer data (accumulated at least 10 hours of valid 
activity recordings per day for at least four days) were included in the data analysis (n=560, 
282 women and 278 men) in test phase one. Due to limited capacity at the 10 test centers 
performing the MSF- and balance testing a total of 30 % of those participating in test phase 
one was invited to participate in test phase two to assess MSF level and balance. The subjects 
invited to test phase two were randomly selected and stratified based on sex, age and 
geographical place of residence. . The participants with both valid accelerometer-determined 
data and MSF- and balance measurements (described below) were included in the final data 
analysis (n=161, 85 women and 76 men). 
 
The study was approved by the Regional Committee for Medical and Health Research Ethics 
and the Norwegian Social Science Data Services AS. 
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Measurement of musculoskeletal fitness and balance 
The MSF- and balance test battery in the present study is partly based on the ALPHA 
(Assessing Levels of Physical Activity and Fitness) group recommendation by Suni et al. 
[35], and includes the following tests; one leg standing [36], handgrip strength [37], and static 
back extension [59]. These established field based tests aiming at adults and older adults, 
were given a score by the ALPHA group [35] from 0-12 points (where 12 was the best) based 
on the validity, reliability, safety and feasibility, and the result was as follows; 9 points to the 
one leg standing test [36], 7 points to the handgrip strength test [37], and 9 points to the static 
back extension test [59]. 
 
The MSF- and balance test battery in the present study also includes tests measuring upper- 
and lower body flexibility, since the degree of joint flexibility seems to be related to 
overcome daily life activities, especially among the older adults [39]. These tests are; sit and 
reach [38] and back scratch [39]. The sit and reach test has been demonstrated by Lemmink et 
al. [61] to produce reliable scores from test session-to-test session measuring the flexibility of 
hamstrings and lower back in older women and men (intraclass correlations (ICCs): 0.96, 
95% confidence interval (CI): 0.94 to 0.97 and ICCs: 0.98, 95% CI: 0.97 to 0.99, 
respectively). The sit and reach test has also been shown to be a valid measure of hamstring 
flexibility in older women and men (ICCs: 0.57, 95% CI: 0.39 to 0.71 and ICCs: 0.74, 95% 
CI: 0.58 to 0.85, respectively) [62]. The back scratch test has been demonstrated by Rikli and 
Jones [39] to be a reliable (ICCs: 0.96, 95% CI: 0.94 to 0.98) and valid (no single criterion 
available) measure of overall shoulder range of motion (i.e. shoulder joint- and arch 
flexibility) in older adults. 
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One leg standing test [36] is measuring postural control/static balance and the participants 
were instructed to stand on the optional leg, facing a mark at eye height on the wall three 
meters away (Figure 1a). The-non-balancing legs heel was to be placed in the knee joint of the 
supporting leg and the non-balancing legs knee was to be rotated externally. The participants` 
arms hung alongside their body. One attempt on the optimal leg was carried out, and the total 
time the participants managed to keep the initial balancing position was recorded in seconds 
(sec) (minimum 0 sec, maximum 60 sec). 
Handgrip strength test [37] was measured by using a hydraulic dynamometer type baseline 
90 kilogram (kg) (Chattanooga, Hixon, USA). The dominant hand was to hold the 
dynamometer, which was used to record the hand grip strength (Figure 1b). The best of three 
attempts was recorded to the nearest 1 kg. 
Static back extension test [59] is measuring endurance capacity of the trunk extensor 
muscles and the participants were asked to lay face down on a 30 cm tall, 18 cm broad and 
135 cm long bench with their iliac crest lined with the bench’s short side, leaving the upper 
body beyond the bench and their legs fixed on the bench (Figure 1c). The participants were 
instructed to hold their upper body in a horizontal position for as long as they could and the 
time (in sec) the participants managed to hold the horizontal position was recorded. One 
attempt was carried out, and the result was recorded in sec (minimum 0 sec, maximum 240 
sec). 
Sit and reach test [38] is measuring flexibility of the lower back and hamstring musculature. 
A standardized box (the length of top of the box was 53.3 cm and the height was 32.5 cm) 
was placed to a wall and the participants sat on the floor with their knees and upper body 
straight, and their heels against the box. All the participants completed the test with their 
shoes on. The participants leant as far as possible along the measuring tape atop of the box, 
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with one hand on top of the other slide along the box and with the back and legs straight 
(Figure 1d). The furthest the participants managed to stretch their hands along the measuring 
tape and hold for two sec, was recorded to the nearest half cm. Point zero, the point where the 
feet met the box was set at 23 cm from the box’s edge, and the recorded result was 23 cm plus 
or minus the distance from point zero, depending on what side of point zero the final reach 
was recorded. One attempt was carried out, and the result was recorded to the nearest half cm. 
Back scratch test [39] is measuring flexibility in the shoulder joint and shoulder arch on the 
right and on the left side. The participants started the test by standing up right, placing one 
arm/hand on the lower back, moving it up the spine toward their head. The opposite arm/hand 
was placed behind their neck, moving it down the spine, aiming to place the long finger of 
each hand as near each other as possible or to overlap the other hand as much as possible 
(Figure 1e). The procedure was repeated with opposite arm/hand. The gap between the 
fingertips of the long finger of both hands was measured to the nearest half cm. The results 
were recorded to the nearest half cm, as back scratch right arm and left arm over, with 
positive numbers as long as the fingers overlapped and with negative numbers if the fingers 
did not meet. One attempt was carried out on each side (right and left arm over), and the result 
was recorded to the nearest half cm. 
 
 
Figure 1a-e. The musculoskeletal fitness- and balance tests used in the present study. 
 
a b c d e 
10 
 
Measurement of physical activity level 
We used ActiGraph GT1M accelerometers (ActiGraph, LLC, Pensacola, FL) to assess the 
participants’ physical activity levels [23, 24]. The accelerometer registers vertical acceleration 
in units called counts, and collects data at a rate of 30 times per second in user-defined 
sampling intervals (epochs). The number of steps taken per day was registered using the 
embedded pedometer function [60]. The participants received a pre-programmed 
accelerometer by mail. They were instructed to wear the accelerometer over the right hip in an 
elastic band while awake, and to remove the accelerometer when doing water activities. The 
participants wore the accelerometer for seven consecutive days, and they returned the 
accelerometer by prepaid express mail after the registration period. We initialized and 
downloaded the accelerometers using ActiLife software provided by the manufacturer 
(ActiGraph LLC, Pensacola, FL). Customized SAS based macros (SAS Institute Inc., Cary, 
NC, USA) were used to reduce the data and derive the number of steps taken per day (spd). 
Activity files were deemed valid if a participant accumulated at least 10 hours of valid activity 
recordings per day for at least one day. The protocol for collecting the PA data with the 
Actigraph is in line with the suggestions by Trost et al. [48]. Wear time was defined by 
subtracting non-wear time from 18 hours (all data between 00:00 and 06:00 were excluded). 
Non-wear time was defined as intervals of at least 60 consecutive minutes with zero counts, 
with allowance for 1 minute with counts greater than zero.   
 
Anthropometric variables 
Body height and mass were measured to the nearest 0.1 cm and 0.1 kg, respectively, by the 
use of stadiometers and body mass monitors (Seca opima, Seca, United Kingdom) whilst 
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wearing light clothing  and no shoes.  Body mass index (BMI) was computed as body mass 
(kg) divided by meters squared (m2).  
 
Other variables 
Chronic diseases, medication for high blood pressure and cardiovascular disease, self-reported 
health (categorized into: “very good”, “good”, “either good or bad”, “poor/very poor”), and 
education level (categorized into: < high school, high school, university < 4 years, university 
≥ 4 years) were conducted through a questionnaire. 
 
Statistical analyses 
Based on the Kolmogorov-Smirnov test we considered the data normally distributed. Data are 
presented as mean and standard deviations (SD), standard errors (SE), or 95% confidence 
interval (CI) when appropriate.  
 
Student`s t-tests for independent samples were used to assess sex differences in continuous 
variables (age, height, body mass, BMI), and Pearson`s chi-square analyses were used to 
assess sex differences in categorical variables (chronic diseases, self-reported health, 
education level) (Table 1). 
 
Sex and age differences in the test results (one leg standing, handgrip strength, static back 
extension, sit and reach, back scratch right and left arm over) were examined using univariate 
analysis of variance (Table 2). When examining differences between age groups (65-69 years, 
70-74 years, 75-79 years, and 80-85 years), we adjusted for sex and test center, and when 
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examining differences between sexes in the various tests, we adjusted for age and test center. 
When presenting total values, we adjusted for sex, age, and test center. When we examined 
differences in MSF- and balance tests in the different age groups the first step was to test the 
two-way interaction between sex and age groups, by using general linear model. As no 
significant interaction was found in neither of the variables the analyses were run for both 
sexes combined. 
 
Linear regression analyses was used to investigate how physical activity level (expressed as 
1,000 steps increments to aid interpretation of the beta coefficients) was associated with the 
different MSF- and balance tests (Table 3). The MSF- and balance tests were the dependent 
variables and 1,000 steps increments as the continuous, independent variables. Separate 
regression models were constructed for each predictor. Crude and adjusted regression 
coefficients are displayed. Significant interactions between sex*steps and handgrip strength-, 
sit and reach- and back scratch tests were present. However, running the analyses by sex did 
not alter any associations in a meaningful way and the analyses are therefore run on the whole 
sample including age, sex, daily accelerometer wear time and test center as covariates. 
  
All statistical analyses were conducted using IBM SPSS Statistics 19 for Windows (IBM 
Corporation, Route, Somers, NY, USA). A level of p≤0.05 was chosen for statistical 
significance. 
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Results 
Table 1 shows characteristics of the participants. The mean age (SD) was 73.2 (5.4) years for 
women and 72.3 (4.8) years for men. Men had significantly higher height and body mass 
compared to women (p≤0.001). No differences were observed between women and men in 
chronic diseases (except for osteoporosis: 8% more women reported the disease compared to 
men, p=0.04), self-reported health, and education level. 
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Table 1. Characteristics of the study sample 
Variable Women Men p-value 
N 85 76  
aAge (yr) 73.2 (5.4) 72.3 (4.8) 0.2 
aHeight (cm) 161.6 (6.0) 175.9 (6.6) ≤0.001 
aBody mass (kg) 67.0 (10.1) 81.4 (12.2) ≤0.001 
aBMI (kg/m2) 
Chronic diseases (%) 
    CVDb 
    High BPc 
    Poor mental health 
    Diabetes type II 
    Osteoporosis 
    Rheumatism 
    COPDd 
    Medicatione 
Self-reported health (%) 
    Very good 
    Good 
    Either good or bad 
    Poor/very poor 
Education level (%) 
    <High school 
    High school 
    University <4 yr 
    University ≥4 yr 
 
25.7 (3.9) 
 
9.8 
30.9 
5.9 
4.7 
10.6 
24.7 
2.4 
33.8 
 
20.0 
60.0 
16.5 
3.5 
 
25.3 
43.3 
16.9 
14.5 
 
26.4 (3.0) 
 
16.2 
25.3 
2.6 
6.5 
2.6 
15.5 
2.6 
41.3 
 
21.1 
63.2 
14.5 
1.3 
 
26 
35 
23.4 
15.5 
 
0.2 
 
0.2 
0.4 
0.3 
0.6 
0.04 
0.2 
0.9 
0.3 
 
 
 
 
 
 
 
 
 
 
 
aData are presented as mean (SD) 
bCardiovascular diseases 
cBlood preassure 
dChronic obstructive pulmonary disease 
eHigh BP and CVD 
No significant differences were found in self-reported health and education 
level between women and men 
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Musculoskeletal fitness and balance by age 
Table 2 shows the results from the musculoskeletal fitness- and balance tests, stratified by age 
and sex. The univariate analysis of variance showed that the participants in the youngest age 
group had significant better results in one leg standing compared with the participants in the 
older age groups; 65-69 years compared with 70-74 years: 9.2 sec difference (p=0.04), 65-69 
years compared with 75-79 years: 17.4 sec difference (p≤0.001), and 65-69 years compared 
with 80-85 years: 23.0 sec difference (p≤0.001). The youngest age group (65-69 years) had 
also significantly better results in static back extension compared with the participants aged 
75-79 years: 27.8 sec difference (p=0.03). We found no statistical age differences in the other 
musculoskeletal fitness test results. 
1
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Musculoskeletal fitness and balance by sex 
The univariate analysis of variance showed that the mean sit and reach results were 
significantly better in older women (65-85 years) compared with older men (65-85 years) (7.0 
cm difference, p≤0.001). Both the mean back scratch right- and left arm over results were also 
significantly better in women compared with men (6.1 cm difference (p=0.01) and 6.7 cm 
difference (p≤0.001), respectively). Also, women had significantly better mean static back 
extension results compared with men (16.0 sec difference, p=0.02). Handgrip strength was 
significantly better in men compared with women (16.8 kg difference, p≤0.001). We found no 
significant sex differences in mean one leg standing result.  
 
Physical activity levels, musculoskeletal fitness and balance 
Table 3 shows the associations between 1,000 steps increments and the different 
musculoskeletal fitness- and balance tests. The regression analyses showed that a daily 
increment of 1,000 steps was associated with significantly better test scores for the one leg 
standing test and the static back extension test in older adults (65-85 years). For the one leg 
standing test, an increase of 1,000 steps per day was associated with approximately 2 sec 
better performance on the test (b=1.88, 95% CI: 0.85 to 2.90, p≤0.001), equivalent to 9.6%. 
For the static back extension test, an increase of 1,000 steps per day was associated with 
approximately 5 sec better performance on the test (b=4.63, 95% CI: 1.98 to 7.29, p=0.001), 
equivalent to 8.9%. For the hand grip test, an increase of 1,000 steps per day was associated 
with approximately -1.3 kg in performance on the test (b=-1.33, 95% CI: -0.61 to 0.34, 
p=0.6). For the sit and reach test, an increase of 1,000 steps per day was associated with 
approximately 0.2 cm in performance on the test (b=0.15, 95% CI: -0.47 to 0.77, p=0.6). For 
the back scratch test, right and left arm over, an increase in 1,000 steps per day was associated 
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with approximately 0.4 cm (b=0.38, 95% CI: -0.31 to 1.07, p=0.3)  and 0.6 cm (b=0.59, 95% 
CI: -0.10 to 1.29, p=0.09), respectively. 
 
Table 3. Associations between 1,000 steps increments and the different musculoskeletal 
fitness- and balance variables 
  Crude  Adjusted*  
  B (SE) 95% CI B (SE) 95% CI 
      
  OLS (sec)   
  2.32 (0.48)** 1.36 to 3.28 
 
1.88 (0.52)** 0.85 to 2.90 
 
      
  HG (kg) 
  0.22 (0.32) -0.41 to 0.84 
 
-1.33 (0.24) -0.61 to 0.34 
 
      
  SBE (sec) 
  5.16 (1.21)** 2.77 to 7.55 
  
4.63 (1.34)** 1.98 to 7.29  
      
  SR (cm) 
  0.44 (0.29) -0.14 to 1.02 
 
0.15 (0.31) -0.47 to 0.77 
 
      
  BSR (cm) 
  0.68 (0.31)** 0.06 to 1.29 
  
0.38 (0.35) -0.31 to 1.067 
 
      
  BSL (cm) 
  0.76  (0.32)** 0.13 to 1.39 
  
0.59 (0.35) -0.10 to 1.29 
 
 
Abbreviations: OLS: one leg standing; HG: handgrip; SBE: static back extension; SR: sit and reach; 
BSR: back scratch right arm over; BSL: back scratch left arm over 
 
*The adjusted models include age, sex, daily accelerometer wear time, and test center as covariates 
**p<0.05 between 1000 steps increments and test score 
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Discussion  
The aims of the present study were to; 1) describe musculoskeletal fitness and balance in a 
random national sample of Norwegian older individuals (65-85 years); 2) examine age- and 
sex-related differences in musculoskeletal fitness and balance, and 3) to investigate the 
association between musculoskeletal fitness- and balance with objectively-assessed physical 
activity levels. The main findings were that the youngest participants (65-69 years) had 
significantly better static balance and muscular endurance in the trunk extensors compared 
with the older participants. Also, Norwegian older women (65-85 years) had significantly 
better upper and lower body flexibility, in addition to better muscular endurance in the trunk 
extensors compared with older men (65-85 years), whereas the Norwegian older men (65-85 
years) had significantly better handgrip strength compared with older women (65-85 years). 
No sex differences were found in static balance. Further, a daily increment of 1,000 steps was 
associated with significantly better static balance and muscular endurance in trunk extensors 
in older individuals (65-85 years). 
  
We found significantly better static balance and muscular endurance in the trunk extensors 
among the youngest participants (65-69 years) compared with the older participants. Similar 
results have been found in one other study [12]. This finding might be connected to 
differences in physical activity level across age groups. We have previously shown a 50% 
higher activity level among the youngest participants (65-70 years) compared with the oldest 
participants (80-85 years) [24]. Another possible explanation might be that increasing age 
leads to a progressive loss of balance [2, 3, 4] and muscular strength and endurance [1], 
mostly because of degenerative processes in the central and peripheral nervous system [50] 
and qualitative and quantitative changes in the muscular system [3].  For joint flexibility and 
20 
 
handgrip strength we found no significant differences between the youngest and the older age 
groups, which have been observed in other studies [13, 14, 17, 18]. This discrepancy might be 
a result of differences in socioeconomic status, cultural differences with respect to retirement 
age, infrastructure and degree of environmental security among the populations studied.  
 
We found significantly better joint flexibility in older women (65-85 years) than in older men 
(65-85 years) which is in accordance with the findings from previous studies [17, 18, 34, 39, 
41]. A possible explanation for these sex-related differences in joint flexibility might be 
related to differences in physical activity patterns among older men and women. We have 
previously shown that Norwegian older women spent more time (minutes) on low-intensity 
physical activity than did their male counterparts [24]. This observation was confirmed in the 
present study because we found that women spent significantly more time each day 
performing low-intensity physical activity compared with the men (216 versus 190 minutes 
(p=0.001), respectively) (data not shown). We could therefore speculate whether daily low-
intensity activities such as washing dishes, hanging washing, ironing and cooking might affect 
joint flexibility in older women by limiting the age- and activity-related deterioration. Other 
factors that might play a role regarding sex-related differences in joint flexibility are; 
anatomical and physiological differences, smaller muscle mass and different joint geometry 
and collagenous muscle structure [51]. Older Norwegian older men and women also seemed 
to have somewhat better mean flexibility in lower back and hamstring musculature than what 
has been reported among elderly in the USA [39] and among elderly in Spain [17]. This 
discrepancy might be explained by different test procedures as the two latter studies used 
chair sit and reach test, in addition to including a broader age range (60-85+). Shoulder joint- 
and arch flexibility also seemed to be somewhat better among Older Norwegian men and 
women compared with older men and women in Spain [17]. The exact same test procedure 
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was used in the two studies. Therefore, the discrepancy might be related to differences in 
sample sizes and age ranges as Gusi et al. [17] included 6.449 participants aged 60-94 years 
old. Furthermore, we also found significantly better muscular endurance in the trunk 
extensors in women than in men. This sex-related difference might be related to mechanical 
principles during the static back extension testing, meaning that women`s shorter and lighter 
upper body compared with the longer and heavier upper body of men creates a shorter lever 
arm resulting in a smaller torque in women than in men. This may make it easier for women 
to maintain the correct position for a longer period. In addition, women might be performing 
more domestic activities on a daily basis than men which require them to stand in an upright 
position (e.g. when washing dishes, hanging washing, ironing, and cooking). This might 
affect the muscular endurance capacity in the trunk extensors by limiting age- and activity-
related deterioration [40]. 
 
Men had significantly better handgrip strength than women, which is in accordance with other 
cross-sectional studies where dynamometers were used [13, 14, 15, 16, 17]. Our population 
appeared to have somewhat better handgrip strength than what has been reported in studies 
from Brazil and Australia [15, 16]. This discrepancy might be related to different selection of 
participants, cultural differences with respect to sex equality across countries (e.g. distribution 
of work regarding household and gardening), in addition to differences in test procedure, like 
measuring grip strength seated [16] instead of standing in an up-right position which was 
done in the present study. It has to be mentioned though, that this comparison is based on a 
difference in age range (65-85 years versus ≥70 years), which also has to be taken into 
consideration when comparing our findings with the referred studies above. 
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We found no sex differences in static balance which is in contrast to one other study, showing 
significantly better static balance in older men than in older women [41]. A possible 
explanation for not finding any sex-related difference in the static balance among older 
Norwegian adults might be related to their physical activity level. We have previously 
reported  no sex-related differences in overall physical activity level within the different age 
groups among older Norwegian adults [24]. This observation was confirmed in the present 
study, as we found no sex-related differences in the number of steps taken per day (7,551 for 
women versus 7,356 for men, p=0.7) (data not shown). Norwegian older men and women 
seemed to have better static balance compared with 60-80 year old Iranian men (n=36) and 
women (n=40) [41]. Older Norwegian women appeared to have somewhat lower static 
balance results compared with what has been reported among 60-86 year old American 
women (n=71) [12]. This variation in measured values for one leg standing time might be 
related to differences in the populations examined (e.g. sample size, high versus low 
functioning elderly) as well as procedural differences (e.g. shoes on, barefooted, dominant-, 
non-dominant leg, eyes open, eyes closed), which might affect the results. [42]. 
 
We found that a daily increment of 1,000 steps was associated with significantly better static 
balance and muscular endurance in the trunk extensors in older Norwegian individuals. This 
knowledge may be of importance towards developing and initiating future preventive health 
strategies aiming at older adults, Attention should be given to balance and muscular 
endurance, as both components seem to have relevance to overcome activities of daily living 
[8, 40]. A recently published study by de Melo et al. [31] reported that agility/balance was 
significantly associated with pedometer-assessed steps taken per day when comparing older 
Canadian adults categorized as “high walkers” (mean steps for 3 days: ≥6,500) with “low 
walkers” (mean steps for 3 days: <3,000) (n=60, mean age 76.9 years). However, body 
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sway/static balance was unrelated to accelerometer-defined measurement, expressed as daily 
step counts, in older Japanese men (n=94) and women (n=76), aged 65-84 years [30]. In 
addition, hand grip strength was also unrelated to daily step counts in this elderly Japanese 
cohort, which is in line with our results. Furthermore, we found no association between a 
daily increase of 1,000 steps and upper- and lower joint flexibility. In contrast, de Melo et al. 
[31] reported significantly better lower body flexibility in “high walkers” than in “low 
walkers”. To our knowledge, no prior work has examined the associations between muscular 
endurance in the trunk extensors and physical activity among older adults, which makes our 
results rather novel. However, there are existing studies [45, 52, 53] looking at the association 
between muscular endurance in the trunk extensors, physical activity and health related 
factors. These studies are all aiming at younger age groups, in addition to use of subjectively-
assessed physical activity level through a questionnaire, which makes a comparison rather 
inappropriate. 
 
One of the major strength of this study is the use of standardized musculoskeletal fitness and 
balance tests, with high validity, reliability, safety and feasibility. Furthermore, we used an 
objective assessment of physical activity, and the participants showed good compliance with 
the protocol and few data were lost because of insufficient wearing time or defect monitors. 
The participants achieved a mean of 6.6 days (SD 1.4) with valid activity recordings, and the 
mean wear time was 14.0 hours per day (SD 1.2) [24].  
   
We acknowledge some limitations to our study. The relatively low participation rate might 
question the representativeness of the data. A drop-out analysis performed via registry linkage 
showed that the responses varied according to socio-demographic variables [23]. Several test 
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centers and test leaders were involved in the data collection and this might have influenced 
the reliability of the data. To minimize this limitation a test protocol together with illustrating 
test procedure posters were developed, followed by a pilot study where all the tests were 
accomplished prior to the main study. Also, the test leaders were trained in the test protocol 
and test procedures. Furthermore, there are limitations worth noting when interpreting 
accelerometry data [43]. Walking technique must be taken into consideration because it can 
affect the validity of accelerometer step counts, especially in older individuals [43]. It appears 
that some accelerometers can undercount activity in individuals with a nonstandard gait (e.g. 
upper body angled forward and knees bent during walking), thereby underestimating the 
activity level in these individuals [44]. Another limitation is that only one test of static 
balance was included and that muscular strength was only examined via handgrip 
dynamometer. Also, as in any observational study, we have to be cautious in inferring 
causality based on our findings. 
 
Conclusion 
The youngest participants (65-69 years) among older Norwegians had significantly better 
static balance and muscular endurance in trunk extensors compared with the older 
participants. Older Norwegian women (65-85 years) had significantly better upper and lower 
body flexibility, in addition to significantly better muscular endurance in the trunk extensors 
compared with older men (65-85 years), whereas older Norwegian men (65-85 years) had 
significantly better hand grip strength compared with older women (65-85 years). No sex 
differences were found in static balance. A higher physical activity level, expressed as daily 
increments of 1,000 steps, was associated with significantly better static balance and muscular 
endurance in the trunk extensors in older Norwegians (65-85 years). Our results may be of 
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importance towards establishing future preventive health strategies aimed at community-
dwelling older men and women, and a focus should be given to balance, joint flexibility and 
muscular strength and endurance. 
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Abstract 
Background: Tests evaluating function in the elderly should be designed for assessing 
relationships between muscle strength and power. The focus of this study was therefore to 
determine whether the 30-s chair-stand test (CSfield) and a modified version of the progressive 
isoinertial lifting evaluation test (PILEfield) were valid tests for assessing relationships 
between: 1) lower extremity strength and power, and 2) total lifting strength and power, in 
elderly. Also, reliability across trials and days was investigated. Method: Nineteen 
participants (72.4±5.0 years) attended. Testing was completed three days apart to quantify 
test-retest reliability. Validity was determined by comparing performances in the two field-
based tests with laboratory-based versions (CSlab, PILElab), using a force platform and linear 
encoder. All tests were performed “as fast as possible”. Intra-class correlations (one way 
random effects model) were used to calculate intra- and inter-day reliability. Intra-class 
correlations (two-way mixed model) were used to determine the validity between the two test 
performances; field- and laboratory based tests. Results: The intra-day reliability of CSlab and 
PILElab were high (ICCs = 0.81-0.99, p<0.01). The inter-day reliability of both field- and 
laboratory versions were acceptable (ICCs = 0.71-0.95, p<0.01). However, ICCs computed 
between performances in the field- and laboratory versions of CS and PILE were lower (ICCs 
= 0.36, p=0.49 and = 0.72, p=0.48, respectively). Conclusions: These findings indicate a 
relatively high intra- and inter-day reliability of the field-based chair-stand and box-lift tests 
but they may not be valid for assessing relationships between muscle strength and power in 
elderly individuals. Further investigation should utilize tests specially designed for use in 
elderly populations in order to assess relationships between muscle strength and power in a 
functionally relevant way. 
 
Key words: Functional strength tests, quantify, muscular power, seniors. 
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Background 
Muscle strength and power are important determinants of independent mobility [1]. In aging, 
muscle power seems to decline earlier [2] and faster [3] than muscle strength and muscle 
power has been shown to be positively associated with the ability to perform activities of 
daily living. It may also be a stronger predictor of functional dependence than muscle strength 
with increasing age [4, 5]. 
 
A significant correlation exists between leg extensor power and performance measures such 
as chair rise, stair climb, and fast walking ability [5, 6] and muscle power is also related to 
dynamic balance [7] and postural sway [8] and may be a stronger predictor of fall risk than 
muscle strength [9]. Furthermore, increases in muscle power may lead to improvements in 
functional capacity, and thus prevent falls, dependency and disability later in life [10]. 
Therefore, the measurement of muscle power, in addition to measures of muscle strength, 
should be a focus of clinicians and researchers working with elderly and/or clinical 
populations. 
 
Field-based, rather than laboratory-based tests are the most commonly used to measure 
function in elderly populations, with the purpose of measuring muscle strength rather than 
muscle power. Field-based tests evaluating lower and upper body strength often include 
assessing the number of chair rise repetitions performed within a specified period of time (e.g. 
30-s chair-stand test: Jones, Rikli, & Beam [11]) or determining the total number of 
consecutive repetitions an individual is able to perform (e.g. arm curl test in the Senior Fitness 
Test battery: Rikli & Jones [12]). However, it may be speculated that these field-based tests 
are less valid for the measurement of muscle strength than muscle fatigue resistance, although 
Jones et al. [11] showed a moderately high correlation (r = 0.78 for men and r = 0.71 for 
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women) between chair-stand performance and maximum leg-press strength in the elderly. 
Furthermore, Rikli and Jones [12] found a moderate correlation (r = 0.62 for men and r = 0.68 
for women) between the 30-s arm-curl test performance and maximum biceps strength in the 
elderly. Thus, more research is required to determine the validity of higher-volume repetitive 
tests for the assessment of muscle strength and, in particular, muscle power. 
 
Another consideration is that, if the intention is to evaluate functional capacity (i.e. person`s 
ability to perform a work-related series of tasks) among elderly individuals, a greater focus is 
needed on testing integrated movements involving several muscle groups rather than using 
simple tasks measuring isolated muscle groups. Test performances could then be considered 
more similar to the physical challenges that are required in activities of daily living, e.g. 
lifting an object or rising from a chair. The progressive isoinertial lifting evaluation (PILE) 
test by Mayer et al. [13] requires total body lifting capacity and consists of two parts, one lift 
from floor to hip height (lumbar test) and one lift from hip height to above shoulder height 
(cervical test).  The PILE test is therefore considered a useful, multi-joint functional test. 
However, two-part lifting tests like the original PILE test [13] could be considered less 
functional when compared with a lifting test performed in one continuous movement. When 
objects are lifted from the ground to a high level in a single movement, there is a requirement 
for a higher degree of integrated muscle recruitment, and these muscle recruitment strategies 
are more similar to many activities of daily living. Based on this, a single continuous lifting 
test could be considered as a more valid and functionally relevant when compared with a two-
part lifting test. 
 
A final consideration is that field-based tests evaluating function in the elderly should be 
designed for assessing relationships between muscle strength and power. Based on this, the 
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validity of the 30-s chair-stand [11] and PILE [13] tests could be questioned for the purpose 
of assessing relationships between muscle strength and power among elderly people because 
their high-volume lifting requirement is more targeted towards muscle fatigue assessment. 
However, no data are currently available to test this hypothesis. Given these considerations, 
the aim of the present study was to test the hypothesis that the field-based 30-s chair-stand test 
(CSfield: number of chair stand repetitions completed in 30 s) and a modified field-based 
version of the progressive isoinertial lifting evaluation test (PILEfield: loaded box lifted from 
floor to chin) were valid tests for assessing relationships between: 1) lower extremity strength 
(measured as multi-joint repetitive chair-stand performance) and muscle power, and 2) total 
lifting strength (measured as multi-joint repetitive box-lifting performance) and muscle 
power, in elderly individuals. Validity was determined by comparing performances in the two 
field-based tests (CSfield and PILEfield) with laboratory-based versions of the tests (CSlab and 
PILElab). In addition, reliability across trials (intra-day reliability) for the laboratory-based 
tests and reliability across days (inter-day reliability) for the field- and laboratory-based tests 
were also investigated. 
 
Methods 
Participants and study design 
Nineteen elderly individuals (14 men and 5 women) volunteered for the study after ensuring 
an advertisement in the local newspaper. Prior to participation, all the elderly reported their 
health history, perceived health status (i.e. very good, good, bad or poor/very poor health) and 
physical activity level through a questionnaire and received a medical clearance from their 
medical doctor/physician, either in a written or verbal form. A comprehensive questionnaire 
asking for details regarding the persons` level of physical activity was used, including 
activities of daily living and common exercise modes, from which information pertaining 
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physical activity level being more or less than 30 min per day at moderate intensity (or high-
intensity equivalent) was taken. Inclusion criteria were: 65 years and older and physically 
active less than 30 min per day at a moderate intensity. Exclusion criteria were: physically 
active more than 30 min per day at a moderate intensity [14], participating in specific strength 
training, involved in other studies interfering with the present study, cognitive impairment, 
acute or terminal illness, or severe cardiovascular-, respiratory-, musculoskeletal-, or 
neurological diseases disturbing voluntary movement. The inclusion and exclusion criteria 
were chosen to make sure that the participants were relatively physically inactive and 
homogenous regarding their health status and physical activity levels. 
 
The participants completed a 15-min warm-up before testing, which included fast walking and 
active arm movements, as well as 3-5 min of upper and lower extremity muscle stretching. 
The warm-up routine was performed to ensure they were physically prepared for the strength 
testing and to decrease injury risk. Testing was completed on two occasions, 3-4 days apart 
and at the same time of the day to quantify test-retest reliability across days (inter-day 
reliability). A comparison was made between the field-based tests (CSfield, PILEfield) and the 
laboratory-based tests (CSlab, PILElab) to determine test validity. The same test procedures 
were followed at day one and day two. 
 
To assure that all participants were familiar with the different test procedures and the correct 
technique, they completed 2-3 full familiarization sessions in the weeks prior to the testing, 
which also formed part of the final pilot testing phase. The participants also performed several 
practice repetitions before the testing started. Prior to these test attempts, an instructor 
demonstrated the test procedures and techniques to show how the tests should be conducted. 
The participants also received direct visual feedback during the testing by performing the tests 
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in front of a mirror. The study was approved by the Regional Ethics Committee for Medical 
Research and the Norwegian Data Inspectorate. All the participants provided informed 
consent prior to the study. 
 
Measures 
The procedures for the laboratory-based tests (CSlab, PILElab), were established based on a 
pilot study. In order to measure power, the MuscleLab software system 4010 / 4020e [15] was 
used, which is a portable system for evaluation of movement performance and is considered a 
reliable device for measuring average power [16]. To minimize muscle fatigue in the working 
muscle groups, the tests were carried out in the following order; 1RM isometric dead lift test, 
PILEfield, CSfield, PILElab and CSlab tests. 
 
CSfield test. The CSfield test was used to measure the ability to accomplish repetitive chair-
stand rapidly (lower extremity strength). The participants started the test sitting on a chair 
(height 46.0 cm, depth 44.5 cm), with the arms across the chest, their back touching with the 
chair’s backrest, the feet shoulder-width apart and the knees flexed to 90o. They were asked to 
stand up to a straight position and re-sit as many times as possible in 30 s, without pushing off 
with their arms. The participants were encouraged to work “as fast as possible” during the 
chair standing. The number of repetitions completed in 30 s was taken as a measure of 
performance. 
 
CSlab test. The CSlab test was used to measure lower extremity power and was performed on a 
force platform (Figure 1a) connected to the integrated software system. The participants 
started the test sitting on the same chair that was used for the CSfield test, and the arms, back 
and feet in the same position as described above. When signaled the participants were asked 
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to stand up to a straight position as fast as possible, without pushing off with their arms, and 
then slowly sit back on the chair seat. Power output was measured as vertical force times 
distance divided by time. The average of the two best trials of five (approximately 2 s 
between each trial) was recorded as the result. 
 
PILEfield test. The PILEfield test was used to measure the ability to lift loads rapidly (total 
lifting strength), and consisted of repeated lifts of a progressively heavier box from floor to 
chin height in one continuous movement. To make sure the participants performed the 
PILEfield test using the correct technique they were asked to start the lift with bent knees and 
elbows, the box close to their body and a straight back. Whilst extending the knees and 
elbows, the box went up to chin height in one continuous movement. In addition, to better 
control for a straight vertical movement of the box, the participants were asked to look 
straight ahead. During the lifts, the movement techniques were observed by an instructor at all 
times, in order to ensure the correct techniques were used. The participants lifted a light (1 kg) 
box in which sand-filled containers weighing 2.25 kg each were placed in order to increase 
the load incrementally during the test. The women started the test lifting the box filled with 
one container (2.25 kg) and the men started by lifting the box with two containers (4.5 kg). 
The participants were encouraged to work as fast as possible and exert maximal power (a 
combination of fast speed and explosive work) during the box lifting. The load was increased 
every 20 s by 2.25 and 4.5 kg for the women and men, respectively, until a maximum lifted 
load was achieved (when the participants could no longer lift the box using the correct 
technique). The total load lifted in the final repetition was taken as the participant’s final 
result. 
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PILElab test. The PILElab test was used to measure lifting power capacity, and was performed 
using linear encoder and load cell (Figure 1b) connected to the integrated software system. To 
make sure the participants performed the PILElab test using the correct technique they were 
asked to use the same procedures as described in the PILEfield test.  The participants were 
encouraged to work “as fast as possible” during the box lifting. Power output was measured 
as vertical force times distance divided by time. The average of the two best trials out of five 
(approximately 2 s between each trial) was recorded as the result. During the PILElab test, the 
women lifted 10% and the men 15% of the maximum achieved during a maximal isometric 
dead lift test performed 45-60 min prior to the PILElab test. For the 1-RM deadlift test, peak 
isometric force was measured using a tension load cell connected to the integrated software 
system. The participants were encouraged to exert maximal force during the test. The best, of 
two attempts were recorded. A total of 10% (women) and 15% (men) of the “average” 
maximum loads (kg) were calculated and then used during the PILElab test. The working 
intensity (10 and 15% of 1RM isometric dead lift test for women and men respectively) in the 
PILElab test was established in the pilot study in order to make sure that the participants 
worked using correct ergonomic principles (box close to body, bended knees and straight 
back) and this way avoid injuries during the lifts. 
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Figure 1. The laboratory based tests; a) chair-stand power test (CSlab) and 
b) PILE power test (PILElab). 
 
Anthropometric data. Body height and mass were measured using measuring tape and body 
mass monitor (Seca opima, Seca, United Kingdom) twice per participant whilst wearing a T-
shirt, shorts and no shoes, prior to the first test day. The results are given as a mean of two 
measurements. 
 
Data analysis 
All analyses were conducted using Microsoft Excel and PASW Statistics (v 18).  
 
To determine whether five repeated measurements on the same day were similar (intra-day 
reliability): Intra-class correlations (ICCs, one-way random effects model) with 95% 
confidence interval (CI) were computed to calculate the correlations across trials for CSlab and 
PILElab tests, repeated measures ANOVAs with pairwise comparisons were used to analyze 
a)
A 
 
b) 
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the mean differences across trials (mean ± SD). Day one was used for the five repeated trials 
analysis. 
 
To determine test-retest reliability from day one to day two (inter-day reliability): ICCs (one-
way random effects model) with a 95% CI were calculated to determine reliability across days 
for CSfield, CSlab, PILEfield and PILElab tests, and a paired-samples t-test was used to examine 
the mean differences from days one to two. Descriptive statistics for the field- and laboratory-
based tests at day one and day two were also computed. 
 
To determine the validity between the two test performances (field- and laboratory-based 
tests): ICCs (two-way mixed model) with 95% CI were computed. The number of 
unsupported chair stand repetitions in the CSfield test was compared with the calculated 
average power during single “as fast as possible” sit to stand movements performed on a force 
platform (CSlab test). The maximum load lifted in the modified version of the PILEfield test was 
compared with the calculated average power directly measured with the linear encoder 
attached to the box during single “as fast as possible” box lifting trials (PILElab test). Data 
obtained on test day one were used for the validation analysis. 
 
For the present study, correlations of 0.0-0.2 were interpreted as very weak, 0.2-0.4 as weak, 
0.4-0.7 as moderate, 0.7-0.9 as high and 0.9-1.0 as very high [17], and with a 95% CI in an 
acceptable range of 0.8-1.0. ICC analyses are considered sensitive to systematic error [18], 
and were therefore most appropriate for use in the present study. The level of significance was 
set at an alpha level of 0.05. 
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Results 
The mean age of the total sample (n=19) was 72.4±5.0 y (range 67-90 y), average height, 
mass, and body mass index (BMI) were 1.75±0.86 m, 71.4±9.1 kg and 23.1±2.1 kg/m2, 
respectively. The participants in this study lived at home with no assistance and no use of 
walking aids. Through the questionnaire, all participants reported a physical activity level less 
than 30 min per day at moderate intensity. Common activities among the participants were 
walking/strolling, swimming, gardening, and household activities. In addition they perceived 
their health as very good or good, and did not report any severe diseases or use of daily 
analgesics. One participant was excluded from the study for medical reasons. 
 
Intra-day reliability of laboratory-based tests 
Mean values (±SD) for the five repeated trials performed at day one for the laboratory-based 
test are reported in Table 1. The ICCs computed across five repeated trials for CSlab and 
PILElab tests performed at day one were high to very high, ranging 0.81-0.99 (p<0.01) and 
0.92-0.98 (p<0.01), respectively. The 95% CIs were in an acceptable range for PILElab and for 
CSlab (0.90-0.98 and 0.67-0.87, respectively). ICCs for both CSlab and PILElab were least 
(0.81, p<0.01 and 0.92, p<0.01, respectively) between the first and the fourth trials and 
greatest (0.98, p<0.01 and 0.98, p<0.01) between the second and third trials. No significant 
mean differences across trials were revealed (p>0.05). 
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Table 1. Mean values and standard deviation (SD) for five repeated trials performed at day 
one for CSlab and PILElab tests.  
CSlab (W) 
(trial 1-5) 
Mean (+SD) PILElab (W) 
(trial 1-5) 
Mean (+SD) 
 
CSlab1 
CSlab2 
CSlab3 
CSlab4 
CSlab5 
  
840.0(246.9) 
841.9(260.7) 
821.9(252.2) 
817.7(273.8) 
813.2(266.0) 
 
PILElab1 
PILElab2 
PILElab3 
PILElab4 
PILElab5 
 
1355.3(417.6) 
1361.4(377.0) 
1312.1(388.5) 
1340.1(418.2) 
1362.4(457.3) 
  
 
Inter-day reliability of field- and laboratory-based tests 
The inter-day-reliabilities (ICCs) of the field- and laboratory-based tests are reported in Table 
2. Test-retest correlations across days for CSfield, CSlab, modified PILEfield and PILElab  tests  
were respectively moderate, very high, very high and high, with ICCs ranging 0.71-0.95 
(p<0.01). The 95% CIs were in an acceptable range for CSlab and PILEfield (0.86-0.98 and 
0.84-0.91, respectively) but in an unacceptable range for CSfield and PILElab (0.38-0.89 and 
0.52-0.93, respectively). No significant (p>0.05) mean differences from day one to day two 
were revealed for these tests. 
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Relationships between field- and laboratory-based test performances 
ICCs between the field and laboratory versions of CS and PILE tests performed on day one 
were weak (0.36, p=0.49) and strong (0.72, p=0.48), respectively, with the 95% CIs in an 
unacceptable range (-0.44-0.45 and -0.47-0.49, respectively). Thus, the validity of the field-
based chair-stand and box-lift tests was deemed to be poor when compared to the laboratory-
based test because insignificant relationships and unacceptable CIs were found in both test 
comparisons. 
 
Discussion 
This present results reveal a poor validity (low ICCs with unacceptable CIs) of the field-based 
versions of the chair-stand and box-lift tests, however, the intra-day reliability of CSlab and 
PILElab were high and the inter-day reliability of both the field- and laboratory versions of CS 
and PILE tests were also generally high. Thus, the field-based tests might be useful to 
examine functional performance in elderly populations, but cannot be considered as 
surrogates for the laboratory-based tests, and therefore also cannot be considered valid tests 
for assessing relationships between strength and power. 
 
Several previous studies [11, 19, 20] have found good relationships between chair-stand 
performance and a laboratory-based measure using a non-functional 1RM leg press test, 
which has the purpose of measuring maximum muscle strength. Nonetheless, the leg press 
exercise is dissimilar in its movement pattern to most activities of daily living, so the 
functional value of the leg press test could not be clearly ascertained. One published study 
[21] used a force platform to measure power output during the 30-s chair rise test in 14 older 
adults. They reported a significant correlation between the average power output during the 
chair rises and predicted power developed through equations based on body mass and the 
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number of chair rises performed during the first 20 s of the 30-s trial. These results indicate 
that lower body muscle power in older adults might be accurately evaluated using data from 
the initial 20 s of a simple 30-s CS test. Although there were similarities in the testing tool 
(e.g. the use of a force platform) in our study compared with the study by Smith et al. [21], 
differences in the testing procedures could explain the strong correlation detected by Smith et 
al. [21]. No studies were found that specifically examined the validity of the PILE test. 
However, a number of studies have used the test or compared PILE results with other 
measures (see review by Innes [22]). We believe that the use of a force platform to measure 
power output during chair rises, and a linear encoder and load cell to measure lifting power 
capacity for validation purposes have functional value in the assessment of elderly individuals 
and should therefore be investigated further. It is also necessary to emphasize that there may 
be some methodological issues concerning how validity was determined by comparing 
performances in the two field-based tests (the number of unsupported chair stand repetitions 
and the maximum load lifted in the box-lift test, respectively) with calculated average power 
in the laboratory-based versions (CSlab, PILElab), using a force platform and linear encoder. 
However, we found the methods to be appropriate after which the purpose of the study, which 
was to assess relationships between muscle strength and power in functional tests designed for 
elderly individuals. 
 
The lack of significant correlations between the field- and the laboratory versions of the CS 
and PILE tests in the present study indicate that the field-based versions are not valid for 
assessing relationships between muscle strength and power among elderly individuals, even 
though the test procedures in both versions were performed “as fast as possible” with 
integrated movements involving several muscle groups and a strict routine to control for the 
correct lifting strategy. The fact that the participants were quite homogenous (i.e. physical 
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activity level and health status) should be considered, because a small spread of data will 
reduce the magnitude of correlations. Since performances were compared within individuals, 
we do not believe the participants` physical- and functional levels explain the low validity in 
this study. The uneven distribution of women compared to men might be considered to have 
influenced these results and could probably make the generalization rather difficult, however 
ICCs analysis, split by sex, revealed the similar picture in the validity of test performances. 
 
The intra-day reliability of the two laboratory-based tests (CSlab and PILElab) was considered 
as relatively high based on the ICCs, the lack of significant performance differences between 
trials and the 95% CIs being in an acceptable range. These results support the indication of 
high test-retest reproducibility across trials and could probably be explained by the strict and 
standardized test protocol used in the present study. However, the intra-day reliability of the 
field-based tests should have been considered to be evaluated in this study, given that most 
researchers [11, 13, 20, 23, 24] have investigated the test-retest reproducibility across days 
(see below) rather than across trials. More research is therefore needed for the purpose of 
looking at test-retest reproducibility across trials of the-field based tests used in the present 
study. 
 
The inter-day reliability of the two field-based tests (CSfield and PILEfield) was considered 
relatively high based on the ICCs (see Table 2) and the lack of significant performance 
differences between days one and two. The range of scores on test days one and two was also 
similar for both field-based tests, supporting the finding of high test-retest reproducibility. 
Despite this, the 95% CIs were unacceptably wide for CSfield, which may be related to the 
sample size and a slight variability in the individuals` reliability. Similar results have 
previously been reported by Jones et al. [11], who showed a non-significant change in scores 
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from day one to day two (2-5 day interval), indicating that the field-based test had good 
reliability across days. Other studies have also concluded that the 30-s chair-stand test has 
good test-retest reliability across days in older adults [20, 23, 24]. Our PILEfield inter-day 
reliability result was consistent with those of Mayer et al. [13], who found adequate test-retest 
reliability for the two-part lumbar- and cervical version of the test. A similar result in the one-
part (cervical only) lift was also found in the study by Horneij, Holmström, Hemborg, Isberg, 
& Ekdal [25]. As described in the Method section, we used one continuous lifting procedure 
in the PILE test, which is different to the original two-part lifting PILE test (a cervical and 
lumbar lift) used by others [13, 25]. Therefore a comparison of the reliability is rather 
difficult. To our knowledge no previous studies have examined test-retest reliability of the 
PILE test using one continuous lift. 
 
The inter-day reliability of the two laboratory-based tests (CSlab and PILElab) was also 
considered relatively high based on the ICCs (see Table 2) and the lack of significant 
performance differences between days one and two. The range of scores on test days one and 
two was quite similar for both laboratory-based tests, supporting the finding of high test-retest 
reproducibility. Despite this, the 95% CIs were unacceptably wide for PILElab, which may be 
related to the sample size and a slight variability in the individuals` reliability. 
 
Based on these results, the relatively high inter-day reliability of both the field- and the 
laboratory-based tests shown in our study indicates that the CSfield, the CSlab, the PILEfield and 
the PILElab tests have a high reproducibility, which may be of great importance for the future 
application of these tests. 
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The 1RM isometric dead lift test was used to establish the working load in the PILElab test, 
which means that a static (isometric) test was used to decide the load in a dynamic (isotonic) 
test. We used the static maximum test for safety reasons (easy to control for correct 
ergonomic principles) and because it utilized the same working position as the dynamic test, 
which would likely resulted in similar muscle recruitment.  
 
Given the importance of muscle power, compared to muscle strength, as a predictor of 
functional independence with increasing age [4, 5, 9] tests are required that can assess 
relationships between strength and power performance in elderly populations. Unfortunately, 
the present results indicate that field-based versions of the chair stand and the modified box 
lift (one continuous lift) tests do not measure the same properties as the laboratory-based 
tests; i.e. their validity was poor. Thus, these tests do not seem to assess relationships between 
strength and power performance, and are most likely rather measures of muscle fatigue 
resistance. More research is therefore necessary to develop functional tests that assess 
relationships between muscle strength and power. On the other hand, the relatively high intra- 
and inter-day reliability shown in our study indicates that both the field- and the laboratory-
based tests have a high reproducibility which may be of great importance for researchers, 
geriatricians and other health professionals. In addition, the tests used to measure lifting 
capacity and the ability to rise from a chair, which are fundamental abilities for autonomy of 
the elderly, are highly portable and are cost-effective and simple methods, making them easy 
to implement in various testing environments. 
 
Conclusion 
The results in the present study indicate a relatively high intra- and inter-day reliability of the 
field-based chair-stand and box-lift tests but they may not be valid for assessing relationships 
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between muscle strength and power in elderly individuals. Our findings are therefore of 
importance in future development of reliable field- and laboratory-based test procedures when 
measuring the ability to rise from a chair and lifting capacity in elderly people. Future studies 
should utilize tests specially designed for use in elderly populations in order to assess 
relationships between muscle strength and power in a functionally relevant way. 
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